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EXECUTIVE SUMMARY

This two and one-half year study was designed to devel op and
apply nethods to evaluate the cunulative effects of 20 proposed
smal | hydro projects :& the fisheries resources of the Swan River
drainage - a 1,738 kmdrainage |ocated in northwestern Mntana
The conprehensive resource inventory and subsequent anal ysis used
to predict effects of developnent are illustrated in FiPure A An
aerial survey identified 49 tributary streams that could support
fish(Fopulations. These streans contained 416 km of habitat and
were divided into 102 reaches. Gound surveys of fish popul ations
and stream habitat characteristics were conducted on 74 tributary
gﬁgchgs and in three sections of an 85 kilometer segnent of the

n River.

Fish population and reach classification information was used
to estimate total populations of 107,000 brook trout, 65,000 cut-
throat trout and 31,000 juvenile bull trout within the tributary
system Brook troutwerebelieved tobeyear-round stream resi-
dents and achieved highest population densities in |owgradient
reaches. Cutthroat trout were also streamresident but were found
in higher gradient reaches. Bull trout were the only significant
nigratory Sspecies; juvenile populations were greatest in |ow and
moderate gradient reaches.  Maximum observed brook trout densities
(609 fish275 mm per 300 m of stream) were nuch larger than peak
cutthroat or juvenile bull trout densities (285 and 270 fish per
300 m respectively).

Streanbed substrate score (an integrated nmeasure of streambed
porosity) was identified by stepwi se nultiple regression as the
nmost inportant stream habitat variable influencing juvenile bul
trout densities in tributary reaches. Maximum depth, total
I nstreamcover, and drainage area explained most of the variation
in cutthroat trout density while instream cover explained nost of
the variation in brook trout nunbers.

Angl ers expended approxi mately 48,000 hours (16,300 angl er-
days) sport fishing in the Swan River drainage during the 1983-84
fishing season. This total was conprised of 21,700, 16,500 and
9,900 hours in Swan Lake, Swan River, and tributaries,
respectively. Kokanee sal mon, northern pike, and bull trout were
the nost nunerous species harvested from Swan Lake. Brook, rain-
bow, and bull trout were the primary species harvested from the
river, while brook trout comprised 91% of the tributary harvest.
y gratory bull trout up to 800 nmprovide a "trophy" fishery in the

rai nage.

Distribution, abundance, and life history of fish species in
the drainage and their contribution to the sport fishery were
considered in the cunul ative inpact analysis. Bull trout were
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chosen as the prinmary species of concern because of their extensive
use of project areas, sensitivity to streanbed sedinentation, and
their inportance to the lake and river sport fisheries. Cutthroat
and brook trout were lower priority because of their limted
contribution to the sport fishery or Iimted use of project areas.

Dewat ering of hydroelectric diversion zones and streanbed sedi -
mentation (resulting fromforest and small hydro devel opnent) were
the mjor Inpacts considered. The devel oper proposed to divert up
to the entire streanflow during | ow fl ow months because mai nt enance
of recomrended m ni num bypass flows woul d not allow profitable
Froject operation. Dewatering was assumed to result in a tota

oss of fish production in these areas.

A | andtype-based watershed nmodel was used to estimate future
sedi nent |oads, both natural and nan-induced, in study area
streans. Effects of increased sediment on fish habitat were
predicted using an observed negative relationship (r=-0.75) between
substrate quality (measured as “substrate score”) and conputed
i ncreases in sedinent delivery over natural |evels due to road
construction. Stream gradient was an inportant determ nant
variable in this relationship but sedinment directly associated wth
| ogging activities was not significant. Sedinent expected from
m cro- hydro devel opment was estimated by considering ground dis-
turbance which would result fromconstruction of access roads,
penstocks, and transm ssion |ines described in prelimnary study
permts for the projects.

Since juvenile bull trout densities were correlated with stream
substrate scores (r=0.63), projected changes in substrate scores
were used to predict the effect of development on bull trout pro-
duction. Predicted effects were expressed as a percentage of
potential bull trout production lost. The effect of increased
sedi ment on resident cutthroat and brook trout was not nodel ed
because densities of these species were not positively correlated
with substrate scores.

Due to diversion zone dewatering and streanbed sedinentation
small hydro projects would cause the loss of 2%to 72% of juvenile
bul | trout populations within individual project drainages.
Considering the additional effect of forest roads, total |osses
ran?e from11%to 84% of potential bull trout production in indivi-
dual streams, or 1%to 8%of the drainage-w de mgratory bull trout
production. Small hydro devel opment would also result In |osses of
up to 90% of resident cutthroat trout and 50% of resident brook
trout in project streans. These |osses constitute up to 5% of the
cutthroat trout and 2% of the brook trout populations in the Swan
tributary system

The effects of individual projects were aggregated to predict
the cumul ative inpact of multiple small hydro devel opnments
(Figure A).  Because no projects were constructed during the study
period, six hypothetical strategies of devel opment were sinmul ated.



These ranged fromfour projects built over four years (one each
year) to all 20 projects built in one year. Projects were ranked
according to devel oper interest and cost factors to determne a

| ogi cal sequence of construction for these six scenarios.

Mil tiple project devel opnent with subsequent dewatering of
di versi on zones woul d have a significant cuml ative inpact on the
mgratory bull trout fishery of the Swan drainage. Even a |ow
| evel of developnent (only four projects) would eventually result
in the loss of about 13% of potential juvenile bull trout
production, wth an additional 7%l ost due to forest roads
(Figure B). The cunul ative loss (20% is substantial because three
of the four highest ranked projects involve bull trout rearing
streams. A noderate |evel of devel opment (10 projects) would
ultimately cause a 14% loss of bull trout, while full devel opnent
(all 20 projects) would reduce juvenile bull trout populations by
24% Cunul ative |osses increase to 21% for noderate devel opnent
and 31% for fulldevel opnmentwhen additional sedinentation from
forest roads is considered. As shown in Figure B, dewatering of
di version zones accounted for the greatest bull trout |osses.

The cutthroat trout fishery in Swan River tributaries would
al so be significantly affected by stream dewatering associated with
mul tiple project devel opment. Cunulative |osses of 7% 12% and
18% were predicted for low, noderate, and full devel opnent |evels,
respectivelv. Brook trout were |ess abundant than cutthroat in
proposed project areas. As a result, estimated dewatering inpacts
on this species were small, ranging from 2% of the tributary popu-
lation lost with a [ow level of mcro-hydro devel opment to 4% | ost
with full devel opnent.

Using the travel-cost technique, the net econom c¢ value of the
Swan sport fishery to anglers was estinated to be $788, 000 per
year. This sumwas conprised of $455, 000, $265, 000, and $68, 000
annual Iy for the Swan River, Swan Lake, and tributary fisheries,
respectively. Since this technique could not be used to estimte
the value of partial fish losses, three contingent-valuation
approaches and the hedonic travel-cost method were enployed. The
annual val ue to anglers of a hypothetical 25%fish loss fromthe
drai nage based on contingent val uation questionnaire responses
ranged from $250, 000 (based on willingness-to-drive) to $2.6
mllion annually %based on W llingness-to-sell). Usi ng
Wi | lingness-to-pay, the value was $331,000 per year

Results of hedonic travel-cost analysis indicated that bull
trout were substantially nore valuable to anglers than were "trout"
in general. Anglers mepe_mjllin? to pay an estimted $450 per
party-visit to fish specifically for bull trout as conpared to $30
to fish for "trout". Using these data, the annual net value of the
bull trout fishery in Swan Lake and the Swan River was estimated to
be $232,000. This was substantially higher than the $87,000 esti-
mated for the "trout" fishery, which received about six tines as
much fishing pressure.



FIGUREB.  PREDICTED LOSSES OF MIGRATORY BULL TROUT PRODUCTION DUE
TO SMALL HYDRO DEVELOPMENT IN THE SWAN RIVER DRAINAGE.
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Qr study denonstrated that:

L.

Devel opnent activities have on-site inpacts as well as
direct and indirect inpacts on downstreamareas that can
be expressed in biological and economc terns.

The inpact of small hydro devel opnent can vary widely
bet ween fish species and between projects.

The timng and extent of other land devel opnent activities
(road building, logging, mning, grazing, etc.) within a
river draina?e must be considered to properly evaluate
cunul ative effects.

In the Swan drainage, dewatering of stream habitat by
hydroel ectric diversions would have a nmore serious and
permanent effect on fisheries than woul d sedinent from
construction activities. However, stream sedinentation
may be of nuch greater concern in regions where soils are
nore unstabl e.

Different sport fish species have different values to
anglers.  The values are not necessarily proportional to
| evel s of angler use.

These findings provide useful prelimnary managenent tools, but
verification of the predictive nodels should be pursued with noni-
toring prograns. Also, the factors considered in this study (i.e.
dewatering and sedinent production) may have different inportance

el sewhere.

Qther project-related effects, such as water tenpera-

ture alterations, gas supersaturation, upstream passage, downstream

passage,

and turbine nortality should be considered whenever this

type of devel opment is proposed.

Vil
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| NTRCDUCTI ON

Interest in developing small scale hydropower generating
facilities in the Pacific Northwest has increased dramatically
followng the passage of the Public Wilities Regulatory Policy Act
(PURPA) by Congress in 1978. Section 210 of PURPA provided strong
Incentives to prospective small hydro devel opers by nmandating that
1) utilities nust purchase power generated by any independent
producers who are willing to sell, and 2) the utilities nust pay a
favorable price (known as the "full avoided cost") for this elec-
tricity. Full avoided cost is commonly known as the amount the
utility would have to pay to generate or acquire "new' electricity
at present day costs. Tax incentives were also provided to
prospective devel opers through state and federal |egislation such
as the National Energy Security Act of 1980.

Prospective small hydro devel opers responded to the various
devel opnent incentives by submtting thousands of applications for
prelimnary permts for small hydro projects to the Federal Energy
Regul atory Conm ssion (FERQ during 1981 and 1982. Prelimnary
FERC permts serve to establish priority devel opnent rights for a
hydropower site for an 18-nonth to three year period. This tinme-
span Is used by the devel oper to conduct the detailed feasibility
and design studies needed to file for a license (or |icensing
exenption? to develop the site.

The "hydro-rush" became readily apParent in Mntana during
1981 and 1982 when devel opers filed applications for prelimnary
permts for nearly 90 hydropower sites. Many of these filings were
for sites in northwestern Montana and 20 prelimnary pernmts were
issued for sites on tributary streans in the Swan R ver drainage.

Much of this interest ﬁroved to be specul ative since at the time of
this witing nost of the prelimnary permts for sites in northwest
Montana have expired or were surrendered and only one commercia

project has actually been constructed (the nunicipal water supply
project in Witefish, Mntana).

The prospect of the devel opment of a large nunber of small
hydro projects in a river basin such as the Swan raised serious
questions concerning the issue of cunulative inpacts. Wile no
single project may have an unacceptabl e inpact on resident or
mgratory fish populations within a river basin, the conbined
incremental effects of a nunber of projects could prove to be
significant. Each individual project could affect fish populations
on-site as well as in downstream areas. These inpacts include
stream dewatering and flow fluctuation wthin diversion areas,
streanbed siltation resulting fromconstruction activities and
potential penstock ruptures, turbine-related fish nortality, gas
supersaturation, and the creation of barriers to upstreamfish
mgration



The Northwest Power Planning Council (1982) recognized the
potentially harnful cumulative effects of small hydro devel opment
(less than 5 megawatts) on fish and wildlife resources wthin
individual river basins. In accordance, the Council recomrended
Measures 1204 (b) (1) and (2) toinsurethatpotential cumul ative
effects of existing and proposed multiple hydroelectric devel op-
ments within a single river draina ge are addressed by federa
project operators and regul ators, to encourage devel opnent of
criteria and methods for assessing cunulat|ve fisheries inpacts of
mul tiple hydroelectric devel opments.

This study addresses portions of Measure 1204 (b) (2) in the
Col unbi a River Basin Fish and Wldlife Program The purpose of the
study is to design, develop and apﬁly met hods to determne the
potential cumulative effects on both mgratory and non-mgratory
trout popul ations of the Swan River drainage that could result from
extensi vesmal | -scal e or "m cro-hydro" devel opment (less than 5
megawatts). These inpacts will be expressed in both biological and
econom ¢ terns.

Very little published information exists that describes the
environnental effects of high-head small hydro devel opnent. Wile
a substantial anmount of information regarding fish nortality
associated with Bassage throu%P turbines of large hydropower
projects is available, little such information exists for the types
of turbines typ|callx installed in small |ow head hydropower
projects (G oss and Wahl 1983). Even less information exists for
the types of turbines ( |npulse turbi nes such as the Pelton Weel)
typically installed in small-scal e high-head projects (Turbak et
al. 1981). This paucity of information is in large part due to the
fact that w despread Interest in devel oping such(FrOJects s a
reﬁfnt ghenonenon Hence, few if any on-site studies have been
conduct e

To our know edge, there are no conpleted studies that concern
the cunul ative inpacts of hydropower devel opnent on fisheries
resources in any area of the Pacific Northwest. As per Measure
1204 (b) (2) of the Colunbia River Basin Fish and Wldlife Program
the Northwest Power Planning Council is in the process of
initiating a study to determne cumul ative inpacts of hydroel ectric
devel opnent on the fish and wildlife resources of the Col unbia
Ri ver Basin. Also, FERC(1985) recently released a draft docunent
that describes a proposed procedure to evaluate the cumul ative
effects of small hydro devel opment in each of three river basins in
the northwestern United States.

The present study was divided into two phases. The first
phase involved the collection of a drainage-w de data base con-
sisting of fish population, streamhabitat, and |and use
information. This was used to develop cumul ative |npact nodel s and
criteria for evaluating potential fisheries inpacts of proposed
m cro-hydro devel opments.  Methods used for determining fish popu-
lation size, instream flow needs, and streamhabitat quality were



described and evaluated during this phase of the study and were
reported by Leathe and G aham (1983). The second study phase
involved the collection of economc and angler use data to enable
the results of the biological assessment to be expressed in
economc terms. A third study phase was al so recommended to
monitor the effects of construction and operation of one or nore
smal | hydro projects to verify study predictions.

As niPht be expected, the successful achievement of the study
goal s involved a substantial anmount of coordination and cooperation
among various state, federal, and private entities. The Mntana
Department of Fish, Wldlife and Parks (MOFWP) initiated the study
and was responsible for collecting virtually all "on-the-ground”
information. These data include a |arge body of information con-
cerning fish species abundance and distribution; fish life history:
fish habitat in tributary streams; hydrology and instream flows;

and fishing pressure and harvest on Swan Lake, Swan River, and its
tributaries. The US. Forest Service (USFS) conpiled information
concerning past and projected future tinber harvest activities on
state, federal, and private lands in the drainage and explored the
rel ati onshi pbet weenl and use (prinmarily |ogging and associated
road construction and maintenance) and levels of fine material in
streanbeds. This information was used to predict the anmount of
streanbed siltation that could result fromlogging and mcro-hydro
devel opnent activities. ECO Northwest, a private consulting firm
designed the economic portion of the study and anal yzed the
econom ¢ data collected by MOFWP in conjunction with the cree

survey (ECO Northwest 1984).

This report sunmmarizes the nmajor findings of this two and one-
half year study. More detailed information regarding the findings
of fisheries, angler use, and hydrologic investigations involved in
this study may be found in Leathe et al. (1985a). Maps of surveyed
tributary streams and narrative descriptions of habitat features
and fish popul ations were conpiled by Leathe et al. (1985b). Al so,
a final report that details the findings of the economc investi-
gations and describes and eval uates applicable nethods for deter-
mning the value of fish population |osses was issued by EQ
Nor t hwest (1984).




DESCRIPTION OF STUDY AREA

The Swan River is located in northwestern Mntana, west of the
Continental Divide (Figure 1). The river flows north fromits
headwaters in the Mssion and Swan nmountains and enters Flathead
Lake at the town of Bigfork, Mntana which is 23 river kiloneters

14 mles) downstream from Swan |ake. Several peaks in the Mssion

to the west) and Swan (to the east) nountain ranges exceed 2,743
meters (9,000 feet). The Flathead Ri ver drai ns Fl at head Lake and
flows into the dark Fork River, which eventually |eaves montana
and enters the Pend Oreille R ver systemin northern | daho.

The Swan River has a drainage area of 1,738 km? (671 sq. ni.),
measuredatthe outlet of Swan Lake, and flows through a heavily
forested glaciated valley that is relatively flat and five to ten
kilometers wi de. The average drop for the 83 km (52 mle) river
section between Lindbergh and Swan | akes is 4.5 neters per
kilometer which is equivalent to a 0.4% gradient. Lateral channel
movenent and subsequent bank erosion in this river section have
resulted in the presence of excessive anounts of channel debris and
numerous log jams which [imt recreational floating use.

Mean annual flow of the Swan River is 165 cubic feet per
second (cfs) at a gauging point 6.4 km downstream from Lindbergh
Lake near Condonand about 1300 cfs immedi ately downstream from
Swan Lake (United States Geol ogical Survey 1981). Peak di scharges
typically occur in June (Figure 2) and are determ ned by the anmount
and rate of snownelt in this muntainous wat ershed. Streanflows in
the largest tributaries (Wodward, Elk, Qacier, and Lion creeks)
ranged between 19 and 69 cfs during Septenber of 1982. Peak spring
flows in the river and tributaries are usually 15 to 30 times
|arger than |ow flows neasured in the fall.

The Swan River meanders for about20 kilonmeters bel ow Swan
Lake before entering a high gradient canyon section imediately
upstreamfromkFl at head Lake. ~The high gradient section is very
popul ar among whitewater floating enthusiasts and is also the site
of a4.1 nega watt hydroel ectric facility constructedin 1902 and
currently operated by the Pacific Power and Light Conpany. A fish
| adder was constructed to enable mgratory westslope cutthroat
trout, bull trout and kokanee sal non fromFl athead Lake to pass
over the 12-foot high concrete diversion damand access the Swan
River drainage. However, this |adder did not become operative to
mgratmg trout until 1959 (Donrose 1974). Historical use of the
Bassage acility has been limted (Gahamet al. 1981a), probably
ecause of design flaws and the length of tine required to render
the ladder operative. Consequently, the fisheries within the Swan
drainage can be considered isolated fromthe renainder of the
FI at headdr ai nage.

Numer ous high nountain |akes, valley |akes, and potholes are
scattered throughout the Swan River drainage (Figure 1?. Swan Lake
Is the largest and has a surface area of 1,085 hectares (2680
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acres). Lindbergh Lake (294 hectares or 726 acres) and Holland
Lake (165 hectares or 408 acres) are the two other major |akes and
are located in the upper portion of the drainage. The fisheries of
these two subdrainages are assuned to be independent fromthe
remai nder of the Swan drainage. Since there were no proposed
mcro-hydro sites in these drainages, they will not be considered
in the cunul ative fisheries inpact assessnent.

Land ownership patterns in the Swan Valley are mxed and vary
widely between tributary drainages. North of Soup Creek, nost of
the land is Flathead National Forest with various private parcels
occupying the valleg bottom South of Soup Creek, the valley is
characterized by a checkerboard pattern of National Forest (200,000
acres), Swan Rver State Forest (39,000 acres), and Plum Creek
Ti mber Conpany lands (87,000 acres). Further south at Fatty Creek
state land drops out of the checkerboard. Smaller private hol dings
(23,000 acres total) occupy nuch of the valley floor

Seven of the proposed mcro-hydro streans lie in drainages
entirely or alnost entirely on National Forest System |ands. Soup
Creek drains éyedoninately Swan River State Forest |ands, while
nmost of Cold Creek's basin is owned by Plum Creek Tinber Conpany.
The headwaters of Cedar, Piper, Jim Cold, E'k, and G acier creeks
originate in the Mssion Muntains WI derness.

Devel opnment consists primarily of road construction and tinber
harvest i nSaan tributary basins. Linmted livestock grazing also
occurs in scattered | ower-elevation | ocations. Logging intensity
varies from heavily-cut drainages |ike Cold Creek, where over 10%
of the basin has geen clearcut in the |ast seven years, to un-
harvest ed (and unroaded) areas |ike upper El k and Lion creek drain-
ages. Road densities typically reflect the extent of tinber
harvest. In Swan tributaries, roads occupy fromO0.1 to 2.8% of
drai nage basin area.

Al proposed mcro-hydro facilities in the Swan Ri ver drainage
were high head projects located on nmountain streams (Figure 3) and
had installed capacities ranging between 100 kilowatts and 1.5
megawatts (Table 1). \Water would be diverted into 12 to 20 inch
di aneter penstocks by the construction of three-foot high diversion
dams in the stream The diverted water would be transported
t housands of feet downstreamin penstocks and rel eased through
hi gh-pressure jets which woul d drive an inpul se turbine (Pelton
wheel ) to generate electricity at the powerhouse before being
returned to the stream Stream gradients within the proposed
diversion zones ranged between 3% and 21% G oss head (vertica
drop) of the proposed projects ranged between 90 and 527 m and
averaged 227 m (744 feetg.

During the study period the principal ganefish species found
inthe tributaries to the Swan River were non-native brook trout
(Salvelinus fontinalis) as well as native westslope cutthroat trout

(Salmo clarki lewisi) and bull trout (Salvelinus confluentus). | N
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Table 1. Information pertaining to proposed mcro-hydroelectric facilities in the Swan River
drainage, Montana.

Average channel Estimated

_ Penstock  gradient (% Penst ock Installed | atesummer
Proj ect . length  within proposed  dianeter capacity fLow

No. Project nane (ft) diversion area (in) (ky (cfs) &
5093 Yew Q. 4,200 9.6 12 100 1.1
5095 Bond Cr. 3,700 15.5 20 300 6.0
5097 Lire O, 3,400 15.8 12 100 0.5
5098 Hall cr. 5,100 15.2 16 400 2.9
5105 SixmleCr. 3,900 3.3 16 150 2.1
5517 Scout G, 5,000 21.9 . 407 2.1
5518 Gat O, 12, 200 4.8 - 430 6.4
5519 SF. Lost Q. 11, 800 3.0 -- 291 14.4
5520 Soup O, 8, 200 11.5 - 377 8.5
5521 Porcupine Q. 4,800 8.7 14 259 2.2
5522 Bet hal Cr. 9,200 8.5 12 263 3.8
5523 NF. Lost Cr. 13,250 4.3 12 184 6.4
5524 Piper Q. 17,000 6.9 14 624 11.0
5525 Cedar Q. 11,500 10. 8 12 377 4.2
5556 S. Wodward Cr. 18,000 11.4 16 1411 9.6
5557 Squeezer Q. 7,000 10. 3 16 604 6.3
5558 Cold Q. 16, 000 6.0 16 929 24: 0
5559 Lion Q. 5,000 5.6 16 352 18.0
5733 Goom Q. 7,600 11.7 14 376 2.1
5783 Trib to S. Wodward 2, 750 11.2 16 2-100 8.5

@/ Fl ow estimat ed at power house.



the Swan River upstream from Swan Lake, non-native brook trout and
rai nbow trout (salmo gairdneri) were the predom nant ganefish
species with fewer nunbers of bull trout and westslope cutthroat
trout present. The predom nant ganmefish species in Swan | ake were
non-native kokanee sal non (Qncorhynchus nerka) and northern pi ke
(Esox luciusg) as wel | as native bull trout. Rainbow trout, cut-
throat trout, and brook trout were also present in Swan Lake.

Bull trout are the npst noteworthy mgratory species in the
drainage. During the sumrer, adult fish (400 mMmmto nore than
800 mmtotal length) migrate from Swan Lake to specific tributary
streans where they spawn in the fall prior to returnin? to the
| ake. After emerging fromthe gravel in April, young bull trout
spend fromone to three years in the streambefore mgrating to the
| ake where maturity is attained at age five or six.

The species conposition and [ife history traits of the fish
comunity of the Swan drainage have been dramatically altered from
virgin conditions by man's activities. Probably the most adversely
affected speci es has been the westslope cutthroat trout, which was
l'ikely a dom nant species at one time that mgrated between | ake,
river, and tributaries for spawning and rearing purposes as it
still does in the Flathead bake/ River system The introduction of
exotic fish species in all portions of the Swan drainage (resulting
in increased conpetition, predation, and hybridization), possible
habitat deterioration fromland use activities, and differentia
vulnerability to angling have likely been responsible for the
reduction of cutthroat trout abundance. Exotic fish species now
conprise a major portion of or even domnate the fish comunities
in various portions of the drainage. Exanples include brook trout
in lower gradient tributary reaches, brook and rainbow trout in the
Swan River, and kokanee sal non and northern pike in Swan Lake.

At the present time, genetically pure native westslope cut-
throat trout populations in the Swan drai nage probably only occur
in the upper reaches of a few headwater tributaries. The westslope
cutthroat trout is currently listed as a fish species of "specia
concern” in Mntana because of its limted distribution in the
state, plus the fact that it has been extirpated froma |arge
portion of its native range in the interior regions of the United
States (Holton 1980; Behnke 1979).  Bull troutweredesi gnated a
speci es of special concern in Mntana in early 1985.

10



HABI TAT ANALYSI S
Aerial Survey
St andard USGS topographic aerial survey maps (1:24,000 scale)
wer e usedtodeterm ne streamorder, potential reach breaks, and
reach drainage areas in tributaries to the Swan River at or above
Swan Lake. Tributary streams were delineated into one-kilometer
sections (beginning at their mouths) on topographic maps to

facilitate the location of inportant stream features and ground
survey sites.

~Aerial pre-surveys were conducted for all streans in the
dralnaﬁe using a helicopter technique simlar to that devel oped in
British Col unbia (Chanmberlin 1981) and which has been used in ot her
parts of the Fl athead Ri ver Basin (Fral ey and G aham 1981). Each
survey was initiated at the downstream end of the tributary. A
trained observer narrated key habitat characteristics, |ocations of
stream features, and the |ocations of potential reach breaks into a
tape recorder while the helicopter proceeded upstream Reaches
were defined as being stream sections having "a repetitious
sequence of physical processes and habitat types" (Chanberlin
1981).  Thus, changes in channel gradient and stream habitat uni-
Lorglty were inmportant factors considered in defining reach
oundar | es.

Each aerial stream survey was term nated when streanflow and
channel gradient thresholds (<0.5 cfs and/or >25% gradi ent) deened
necessary to support resident trout were exceeded. It is likely
that the kilometers of potential trout habitat was overestimated
using the mnimumflow criterion sinceaerial surveys were con-
ducted during m d-Septenber. Available hydrologic information
indicates that these creeks were at base flow during this time but
absolute mninum flows occur during the winter nonths. Streanflow
data gathered from five tributaries during this study indicated
that average nonthly winter flows averaged 18% | ower than average
flows during Septenber.

. Final reach boundaries, significant habitat features (lo

jams, waterfalls, slunping banks, etc.), and recomrended groun

survey sections were |ocated as the helicopter proceeded downstream
to the mouth of the stream Approximately 25 kilometers of stream
length were surveyed per hour using this technique involving both
up and downstream passes. Tape recorded information was |ater
transcribed onto office forns.

Reach Selection

Avail abl e time and manpower did not allow ground surveys to be
conducted on all of the 102 streamreaches identified by the aeria
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survey as having potential fisheries inportance. Consequently, a
sanpl 1 ng scheme was devised to obtain a representative subsanpl’e of
all reaches in the drainage. To insure that overall study objec-
tives were net, top priority was placed on obtaining ground survey
information for stream reaches situated within or downstream from
proposed small hydro project areas. This entailed ground surveys
on 25 reaches directly involved in proposed hydro diversions as
wel | as on 12 reaches |ocated downstream from proposed hydro
projects

The remainder of the 74 total reaches thatwereground sur-
veyed during the study were randomy selected froma pool of al
reaches stratified into gradient/drainage area categories (Table
2). Each gradient-size category was sanpled in proportion to its
relative abundance throughout the drainage. Reaches sanpled in the
course of hydro site analysis were considered to be randony
sel ected within gradient-size categories. They were included in
the fisheries database because only cursory fisheries information
was considered by the hydro developers in their site identification
process. Studies conpleted in other portions of the Flathead
drai nage and el sewhere have docunented the inportance of stream
gradient and size in determning sal monid speci es abundance and
di stribution in nmountainous watersheds (Fral eyandG ahanl981,
Ggagk)]amet a. 1981b, Giffith 1972, Hartman and G111 1968, Pl atts
1979).

Ground Survey

Stream habi tat surveys were conducted by crews of two tech-
nicians on one or two kiloneter-long representativesections of
sel ected reaches. A nunber of habitat variables including feature
(pool, riffle, run, pocket water, cascade), flow character, debris
presence and stability, and channel splitting were measured at each
of 40 sanpling stations selected by random pacing. [Intensive
measurenments of other habitat variables were made at 15 of the 40
randomy selected stations using a line transect nmethod simlar to
t hat described by Herrington and Dunham (1967) and nodified by
Shepard and G aham (1983a). Measured variables included water
depth, dom nant and subdom nant substrate types, instream and over-
head trout cover, wetted width, channel w dth, substrate enbedded-
ness, substrate conposition, and D-90. Field manuals describin
habitat termnol ogy and neasurement techniques were carried by eac
field crew Channel stability was evaluated for each reach using a
procedure enRIo ed by the Northern Region of the U S. Forest
Service (USDA, Forest Service 1975). Streanfl ow was neasured at
one point within the survey section using either a Gurley Type AA
or a pygnycurrentneter. Atypical habitat survey for one reach
required one day of field effort for a crew of two technicians. An
analysis of the replicability of habitat measurenents is included
in Leathe et al. (1985a).

12
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Table 2. Channel gradient (percent) and drainage area (square kilometers)
classification scheme used to select reaches for ground survey in the
Swan R ver drainage.

a3 Total indrai Amount sampled
. == (14>
5
0 3% 020 14 14.5 3 8.4
>20- 50 50. 5 13 47.5
>50 15 92.2 11 66. 3
>3- 6% 020 12 46. 6 8 32.3
>20- 50 12 55. 6 9 44.1
>5( 2 13. 8 1 9.5
>6- 13% 020 22 66.8 14 40.5
>20- 50 6 33. 6 5 29. 6
>50 1 1.5 1 1.5
0

>13% >26}- gg 13 40.5 9 25.8

>50 - i
Tot al 102 415.6 74 305.5

&/ [Drainage area is defined as the total land area drained by a reach.
This includes all lands drained by upstream reaches (if any).



Data Analysis
The rel ationships between fish population density and measures
of habitat quality in tributary reaches were explored to identify
key habitat variables that influenced fish abundance and dis-
tribution.  Once these variables were identified, predictions re-
garding how they woul d be affected (if at all) by proposed snal

hydro devel opnent woul d be made and then translated into effects on
fish popul ations.

Seventy-six stream habitat variables were considered for
possible inclusion in statistical nodels design& to describe the
rel ati onship between habitat characteristics and popul ation
densities of cutthroat, bull, and brook trout (ABpend|x Al).
Separate nodel s were devel oped for each species because their
distribution, abundance and habitat preferences within Swan tribu-
taries appeared to be different. Species nodel s were constructed
usi ngdat aonly fromreaches that contai ned the species in question
since factors other than habitat guality (such as the presence of
mgration barriers, periodic dematerin?, conpeting fish species,
unsui tabl e wat er tenperatures, or heavy tishing pressure) naﬁ have
been responsi bl e for the absence of the species in other reaches.

A substantial amount of intercorrelation was &served anong
the 76 neasured habitat variables considered in each species node
because of the natural interdependence that exists between factors
that interact to create fish habitat. To counteract this problem
correlation matrices were generated to display sinple correlations
between all variables in each data set. For each data set, habitat
variables were Erogressivel elimnated until a final group was
obtained that exhibited a relatively smal|l amount of intercorrela-
tion, i.e. sinple correlation coefficients (r-values) between irde
gendenp variable were | ess than 0.6Q As a result, only 18 of the

6 original variables were selected (ApFend|x A1) and only 11 or
12 of these were considered in each node

Habitat transect data were sunmarized on the Discovery mcro-
conputer systemin the MDFWP Kalispell office. Prelimnary
anal ysis of habitat and fish popul ation data was conducted on the
same m cro-conput er systemusing statistical procedures described
by Lund (1983). Sunmarized habitat and fish population data were
al'so entered into the Honeywel | CP-6 mainframe conputer at Montana
State University for nore detailed analysis using SPSS (Statistica
Package for Social Scientists; Hull and Ne 1981). To facilitate
data access by other resource managenent agencies, detailed stream
reach and fish population information was entered into the Mntana
Inte(agfncy'firean1F|shery Data Storage Systemdescribed by Holtcn
et al. (1981).
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FI SH PCPULATI ONS AND Bl ALGGY

Fish Population Si
ril .

Fi sh popul ation estinmates were made in a representative seg-
ment within the habitat survey section of each reach selected for
ground survey. Populations of fish 75 mmand |onger (total |ength)
In nost reaches were made using either a two-sanple renoval method
or mark-recapture technique. Popul ation estimates were cal cul at ed
%sing)equations from Seber (1973) as detailed in Leathe and G aham

1983).

Renoval estimates were made in stream sections that were 100
t0150 meters long and bl ocked on the downstream end with either
quarter-inch mesh nylon netting or hardware cloth. Upstream ends
were bl ocked by either a natural feature or with another block net.
Each removal sanple consisted of an intensive downstream pass
through the blocknetted section using electrofishing gear. Most
el ectrofishing was conducted by a crew of two technicians (one
shocker, one netter) using a Coffelt BP-1C gas- powered backpack
el ectrofishing unit. Accessible Iarie (i.e. more than 15 cfs)
streams were el ectrofished using ban eIectrofishing ?ear con-
sisting of allOvolt Horelite generator and a Coffelt WP-2C
variable voltage pul sator. Fish collected during each pass were
hel d until electrofishing was conpl et ed.

Wien statistical criteria described by Leathe and G aham
(1983) for two-sanpl e popul ation estimtes were not net, either a
third electrofishing pass was made in order to derive a three-
sanpl e renoval estimate (Seber 1973), or the fish were narked and
redistributed for a mark-recapture estimate. Efforts were made to
avoid the use of the three-sanple technique because conparisons
made during 1982 (Leathe and G aham 1983) indicated that three-
sanpl e estimtes were |ess satisfactory than those derived using
either the two-sanple or mark-recapture techniques. The two-sanple
met hod was preferred on snmall streans (i.e. less than 25 cfs)
because it was sufficientlyaccurateand could be conpleted by a
crew of two persons in a single day.

Mar k-recapture popul ation estimtes were obtained for several
large streans (in excess of 25 to 30 cfs) and in fish popul ation
nmonitoring sections located in and around proposed hydro project
areas. Electrofishing runs were made in 300 to 350 msections that
were blocked at their downstream ends. Marked fish were dis-
tributed by hand throu?hout the section and allowed to redistribute
for at least three full days prior to the recapture run(s). Quide-
| ines presented in Shepard and G aham (1983b) as derived from
Jensen (1981) were used to insure that the 95% confidence interva

15



for the estimate of the dom nant s?ecies in a section was no nore
than plus or mnus 25% Statistical formulae for estimating popu-
lation size and variance were from Seber (1973) and were described
by Leat he and G aham (1983).

Swan River

Attenpts were made to obtain mark-recapture electrofishing
estimtes oftroutpopulations in three sections of the Swan R ver
between Swan and Lindbergh |akes during the fall of 1982. The
specific sanple site locations and techniques enpl oyed were
described by Leathe and G aham(1983).

Swan Lake

The distribution and relative abundance of fish species in
Swan Lake was investigated in md-April of 1983 using shoreline
sets of standard experimental gill nets having dinensions of .83 m
x 38.1 mand consisting of equal-length panels of 19, 25, 32, 38
and 51 mllinmeter mesh (bar measure). Overnight gill net sets were
made at two sites (east shore, west shore) within each of three
maj or |ake areas (north end, mddle area, south end). At each
netting site, a floating set consisting of two nets tied end to end
was made perpendicular to and tied off at the shoreline. A bottom
set of two sinking gill nets tied end to end was al so nade at each
site, perpendicular to the shoreline. Floating nets were set over
waters up to 18 m (60 feet) deep and sinking nets were set in
waters that were 2-26 m (6-85 feet) deep. The gill netting program
was desi gned to duplicate surveys on Flathead Lake (Leathe and
Graham 1982) and Hungry Horse Reservoir (My and MMl lin 1984).

Fish Movement

A variety of techniques were used to determne fish novenent
patterns within the drainage. Each nethod involved the tagging of
fish and reliance upon tag returns from anglers or from MOFWP
sanpling in other parts of the drainage. |Irrespective of species
or collection method, large fish (>225 mmtotal length) were tagged
w th numbered Fl oy FD 68BC anchor tags whereas small fish (100 to
225 were tagged with numbered Floy FTF-69 fingerling tags sewn
through the fishes, body at the base of the first anterior ray of
the dorsal fin.

Standard box traps (Montana Department of Fish and Game 1979)
with one-half inch hardware cloth |eads were installed during the
spring of 1983 in the lower reaches of five tributary streanms to
determ ne the status of mgratory westslope cutthroat in the
drainage. These streams were sel ected because substantial popu-
lation densities of cutthroat trout were found in electrofishing
surveys during the previous sunmer; the streans were in close
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proximty to Swan Lake, which ﬁeriodically received hatchery plants
of westslope cutthroat; and the streans appeared to have adequate
spawni ng habitat. Upstream as wel |l as downstreamtraps were placed
in each streamprior to spring runoff and were operated until m d-
July to nmonitor possible smolt emgration as well as the influx of
spring spawning adults. Specific locations of trap sites are
presented in Leathe et al. (1985b).

Movements of adult bull trout from Goat and Cold creeks were
noni t or ed by_tag%ing adult fish that were captured in box traps or
fyke nets (wth hardware cloth |eads) as the fish noved out of the
spawning tributaries. The traps or nets were installed near the
mouth of the streams in early Septenber after nearly all of the
adult bull trout had enteredthetributarysystens and spawni ng had
commenced. This operating strategy mnimzed handling of the fish
and prevented disruption of upstream spawning runs. The Cold Creek
trap was operated only in 1983 whereas the Goat Creek trap was
operated in both 1983 and 1984.

A series of 14 electrofishing sections was established in
April 1983 in each of two 2 km study areas of Soup Creek to
eval uat e seasonal instream novenents of cutthroat trout (upper
st udy area% and brook trout (lower study area). Each of the 14
el ectrofishing sections within each study area was approxinately
30 mlong and the sections were spaced about 110 mapart. Al
sections in the upper study area were re-electrofished in the fal
of 1983 and again in the spring of 1984. The |ower study area was
revisited only in the fall of 1983 when eight of theld origina
sections were surveyed before ice conditions prevented further
work. Upstream and downstream fish traps were installed bel ow each
study area during the spring of 1983 to nonitor potential
em gration of tagged fish

In addition to the above efforts, a large nunber of trout were
tagﬁed inthe Swan River and its tributaries during the course of
fish population inventory and nonitoring work.  This work invol ved
electrofishing on nore than 70 sections of tributary streans as
wel | as three river sections.

Ade and Growth

Total body length of fish collected during the study was
measured to the nearest mllineter. Scales were taken froman area
just above the lateral line along an ina?inary line drawn between
the posterior insertion of the dorsal fin and the anterior
insertion of the anal fin. Cellulose acetate inpressions of scales
were examned at 71X magnification using a mcrofiche reader.
Di stances fromthe focus to annuli were neasured to the nearest
mllimeter and recorded directly onto conputer coding sheets.

Age and growth information was anal yzed on the Discovery
conputer systemin the Kalispelloffice of MDFWP using prograns
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devised by Department personnel. Back-cal cul ated |engths of fish
were derived using Io%-log regression equations describing body
I ength: scale radius relationships.

Spawning Surveys
Drai nage-wi de bull trout spawning site censuses were conducted
during Cctober and Novenber of 1982, 1983, and 1984. Time series
surveys and fish trapping in the Goat Creek drainage, an inportant

bul | trout spawning drainage, indicated that mst spawning was
conpl eted by the end of Septenber.

During the first field season, potential bull trout spawni ng
habitat was identified using aerial reach survey information.
Gahamet al. (1981b) reported that most bull trout spawning in the
upper Flathead River drainage occurred in |arge high-order stream
reaches having low gradients (usually less than three percent) and
relatively high percentages of preferred gravel and cobble spawning
substrate. The list of survey sections was refined asthestudy
progressed and nore information regarding bull trout spawning use
and distribution of juvenile bull trout becane available. No
evi dence of main stemspawning in the Swan River was found.

Bull trout redds were for the nost part easily recognized by
trained survey personnel since these large fish (usually a m ni num
of 400 nmtotal length at maturity) spawn during t hel owf| owperi od
when water clarity is excellent. Spawning activity results in the
formation of a depression or pitatthe upstream end of the redd.
At the downstreamend of the redd, a pile of "clean" or recently
di sturbed | oosely packed gravel covers the incubating eggs as
described by Rei ser and B ornn (1979).

Spawni ng surveys wereinitiated at the upstream end of each
section and survey personnel recorded the number of paces to each
redd and al so the total nunber of paces required to survey the
entire section. Average pace |ength was cal culated by dividing the
| ength of stream surveyed (from topo maps) by total nunber of
paces. This allowed the specific [ocation of each redd to be
estimated to approximately the nearest 0.1 or 0.2 kiloneter.
Potential bull trout redds were recorded by survey personnel as
either definite, probable or possible using criteria described by
Shepard et al.  (1982). Only those redds classified as "definite"
or "probable" were included in the final count.

CREEL CENSUS AND ECONOMIC SURVEY

A creel census was designed to gather angler use, preference,
andharvestdata for Swan Lake, the Swan River (between Swan and
Li ndbergh | akes), and tributary streams in the drainage. Different
sanpling designs were used to assess the fisheries of each segment
of the drainage because of budgetary andl ogistical constraints.
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Mbst enphasis was placed on quantifyin? the lake and river sport
fisheries since these were relatively concentrated and were
believed to be nmore intensively utilized than were the tributary
fisheries.

Swan Lake and Swan River

The creel census designs for Swan Lake and the Swan River were
nodi fied versions of the method described by Neuhold and Lu (1957).
The general fishing season on Swan Lake was year-round, hence the
creel census covered the period Saturday, My 21, 1983 (opening day
of general fishing season) through Friday, My 18, 1984. This
sanpling period was divided into two-week intervals and, during
nmost of the year, angler counts were made on five of 10 weekdays
and on three of four weekend days, all selected at random

Angl er counts on Swan Lake were made twice daily by an ob-
server traveling the length of the lake in a boat during ice-free
periods. During the iced-in period, angler counts were made froma
series of vantage points established along and on the |ake. The
starting time for the first count on a given census day was random
ly selected on the half-hour wthout replacement and the second
count was made 4-6 hours before or after the first count, depending
upon day | ength.

The Swan Lake sanpling design was altered during the periods
Decenber through md-January and md-Murch to md-April because
fishing pressure was exceedingly low During these tinmes angler
counts were made once daily on three of four weekend days and on
seven (rather than five) of 10 weekdays w thin each two-week
stratum  Fishing parties were located and interviewed between
counts by roving the Iake or at a check station established in the
town of Swan Lake.

The general fishing season on the Swan River began on Saturday
May 21, 1983 and ended on Novenber 30, 1983. The season was
divided into two-week strata and angler counts were made once daily
froma lowflying airplane on five weekdays and on three weekend
days sel ected randonuy wi thin each two-week stratum Fishing
parties were contacted for interview information by searching
through the study area in a vehicle before and/or after aeria
counts; or at check stations set up along the Swan highway, a mgjor
thoroughfare that roughly parallels the river (Figure 4). Angler
counts on the Swan R ver and Swan Lake were considered to be
I nst ant aneous because each reguired approxi nately 45 mnutes to
conplete.  Neuhold and Lu (1957) concluded that ?ro ressive counts
requiring |ess than one hour to conplete coul d be considered
I nst ant aneous.
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sections and checking stations.
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S Tril .

Because of the large nunber of tributary streams and size of
the study area, it was inpractical to conduct a direct creel census
of tributary fisheries. Consequently, anindirect method to deter-
mne tributary fishing pressure and harvest was devised. This
approach relied on the relative amount of tributary versus Swan
Rver fishing effort that was censused at a series of check
stations established along the Swan highmay (Figure 4). S nce Swan
River fishing pressure was estimated during the study and was
therefore a known quantity, tributary pressure could then be
calculated as a percentage of river pressure.

The results of the MOFWP's statew de mail survey of anglers
during the period May 1,1982 through April 30,1983 were used to
cross-check the above described estimate of tributary fishing
pressure. The relative use of Swan Lake versus the Swan trib-
utaries was determ ned based onthenunber of trips to each area
reported by the nearly 14,000 respondents. Fishing pressure on
Swan tributaries was then calculated as a percentage of Swan Lake
Eressure, which was estimated during this study and therefore a

nown quantity.

Data Apnalysis

Creel census and fishing pressure data were entered into the
Honeywel | CP-6 mainframe conputer at Mntana State University in
Bozeman. F shing pressure and harvest estimates for the Snan R ver
and Swan Lake fisheries were calculated for one-nonth strata using
a conputer program devel oped by the MDFWP. This program
i ncorporates fornulae from Neuhold and Lu (1957) to calculate
variances associated with fishing pressure, catch rate, and harvest
estimates. Angler interview information was also entered into the
Di scovery mcroconputer in the MOFWP office in Kalispell to facili-
tate summarization of angler characteristics and preferences,

seasonal catch rates, size conposition of the catch, and other
associ ated paraneters.

Econamic Survey

Econom c survey information was obtained by creel census
clerks during the course of interview ng anglers for catch
information. A series of 14 questions were designed by ECO
Nort hwest and the MDFWP to gather information fromparty |eaders
concerning angler origin, denographics and incone, scenic
qualities, and other waters fished. The travel-cost nethod was
used to determne the total value to anglers of the fishery
resource in the Swan R ver drainage. This approach involves the
construction of a demand curve that shows how Pﬁe price of the trip
(as measured by mles driven to reach the site) affects visitation
rate (nunber of trips made fromeach origin). The area under the
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demand curve and above the curve representing average travel cost
is the net value of the site to anglers. This net value (also
called "consumer surplus") can be defined as the amount that
anglers would be willing to pay over and above the cost of the
trips themselves to fish at a particular site

The travel-cost approach is a practical and accepted net hod
for estimating the market value of recreational resources (Palm and
Mal vestuto 1983). However, it is not well suited for estimting
the econom c value of specific characterists of a fishing site, such
as catch rates, size of fish, species of fish, and scenic
qualities. Nor can it estimate the value of changes in those
characteristics. The main goals of the economc portion of this
study were to determne the net value of potential fish |osses
induced by small hydro devel opment and conpare various estimnation
t echni ques.

Four approaches were used to estimate the val ue of potentia
fish losses. The first three were contingent-val uation nethods
that focused on wllingness-to-pay (WP), willingness-to-sel
(WS), and willingness-to-drive (WD) 1 nresponse to a hypothetical
25% fish loss (Appendix A-5). The fourth technique, hedonic trave
cost, used nmultiple regression to determne the value of individua
characteristics of sites. The characteristics considered were
catch rate (nunber of fish caught per day), average size of |argest
fish in catch, scenery, percent trout as target species, percent
bull trout as target species, type of water, and managenent
strategy. Interview information from eight other fishing areas in
Montana was gathered by cooperating MDFWP biologists to add di-
versity to the database. Information from 920 fishing parties was
used in these analyses. O these parties, 376 were interviewed in
the Swan drainage and 544 were from other waters. Specific
information regarding the nethods and questionnaire used in the
econom ¢ valuation study were detailed by BoO Northwest (1984).

HYDROLOGY AND INSTREAM FILOW NEEDS
Flow Gaging

Continuous water |evel recorders were installed within or near
the diversion areas of proposed mcro-hydro sites on South Fork
Lost, Soup, Squeezer, Lion, Piper and Cold creeks during Novenber
1982. Vertical four-inch dianeter slotted steel standpipes wth
wel ded points were driven approxi mately two feet into streanbeds
usi ng a semportable trlpod-txfe_pile driver powered by an electric
nmotor.  Standpi pes were capped with a threaded iron pl atformupon
whi ch Belfort Type Fw-1 water |evel recorders were mounted. The
platforms and recorders were covered with a locking steel cap and
staff gauges were attached to the standpipes. The Squeezer Creek
rgcorder was installed by attaching the stand pipe to a bridge
abut ment .
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Water |evel recorders were calibrated by neans of monthly
streanfl| ow neasurenments and associ ated staff gage readings.
Streanf| ow neasurements were made using Tel edyne-Qurl ey AA current
meters or Tel edyne-Qurley Pygny current neters using standard
techniques (United States Ceol ogical Survey 1969). Daily average
and maximum flows were estimted from water |evel recorder charts
using stage versus discharge relationships derived from |inear or
| og-1og regression equations, or fromcurves fitted by eye.

Fl ow duration curves for each gaging site were constructed for
the water year Cctober 1, 1983 through Septenber 30, 1984 once the
exceedance percentage for each daily mean flow was detern ned
Dai | y discharges durin% wi nter months (Novenber through March) were
estimated by interpolation of nmonthly di scharge measurenents
because ice conditions frequently caused erratic water |evel fluc-
tuations and occasionally damaged staff gages. Tabul ations of
average daily flows and graphs of average weekly streanflows and
flow duration data are presented in Leathe et al. (1985a). The
?p%%|L;c | ocations of gaging stations may be found in Leathe et al.

1985b).

Instream Flow Needs

The amount of reserved instreamflowrequired to preserve
existing fish populations in 17 Swan tributary streans was deter-
mned using the wetted perineter nethod described in Nel son (1984).
This technique involves the identification of inflection points on
a conput er-generated conposite wetted perineter versus di scharge
curve. The curve is derived from measurenents on three or nore
riffle cross-sections in a given streamas detailed in Leathe and
Graham (1983). Conparisons were nmade between the WETP techni que
and the IFGA method (Mlhous 1978) during 1982 and were di scussed
by Leathe and Graham(1983). Wetted perineter versus discharge
curves for Swan tributaries with reconmended mninmum flows are
presented in Leathe et al. (1985a) and specific neasurenent sites
may be found in Leathe etal. (1985h).

SEDIMENTANALYSI S

To anal yze the effects of increased stream sedi nentation due
to devel opment activities in the Swan drainage, it was necessary to
construct a watershed sediment model. Such a nodel could then be
used to predict the cunulative inpact of future forest devel opment
and proposed mcro-hydroelectric installations on stream habitats,
and ultimately, fish popul ations.
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Deve] £ Coefficient

Natural Erosion
The amount of sedinent reaching a streamis primarily a
function of erosion rates from adjacent |andforns. ven

undi sturbed hillsides and streanbanks contribute substantia
amounts of material to waterways (Anderson 1975, Megahan 1975,
Madej 1982). Debris aval anche, mass wasting, surface creep, over-
land flow, and channel erosion are the major processes by which
sedinment is transported to |ower order stream channels in
nountai nous terrain (Megahan 1981, Wlson et al. 1982). Climatic
events such as floods, w ndstornms, and fires have a dom nant in-
géasnce on the types and extent of erosional processes (Swanston

Landtypes are the basic units of watershed analysis; they are
defined as areas of land with simlar |andform parent material
soil, and vegetation characteristics (WIlson et al. 1982). Because
these characteristics also determne the hydrologic function of
sl opes, |andtype classifications can be used to estinate erosion
rates.

Soi | scientists have conpl etedal and systens inventory for
the Swan Lake Ranger District (USDA, Forest Service 1980) and,
together with hydrol ogi sts, have conpiled estimtes of natural
sediment delivery rates to stream channels for all |andtypes
identified (Appendix B-7). Land units were classified at the |and-
type level for all non-wlderness areas and at the |andtype
association level for wlderness. Sedinent delivery rates were
cal culated by considering sl ope, precipitation, infiltration rates,
soi | conposition, bedrock type, proximty to stream erodibility of
surface particles, and delivery efficiency. All material which
could be transported to streans was considered in calculating
sediment loads. This consisted nostly of sand, silt, and clay, but
i ncluded gravel and larger nmaterial on very steep |andtypes.

Man—induced Erosi

G ound-di sturbing activities such as road building and tinber
harvest usual |y accelerate natural erosion rates (Yee and Roel of s
1980, Chanberlin 1982, Megahan 1981). During the course of forest
planning, specific coefficients were developed to predict sedinent
production fromdi sturbances on each | andtype (Appendix B-7).
These estimates were based on adherence to current Forest Service
standards and practices. Road-rel atedsedi mentwas estimted usin
average acres of ground exposed in road surface, cut slope, fi
slope, and drain ditches. Estimtes of Iog?ing-related sedi ment
were based on averages of skid trail wdths, Tog |anding size, and
fireline wdths required for clearcutting. "Seed tree" and
"shel terwood" cuts were included in the clearcutting category.
Selective renoval, |owvolume salvage |ogging, and commercial
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thinning i nvol ved much |ess ground disturbance and were not
eval uate

Recovery rates were calculated for all disturbances based on
expected rates of revegetation and slope stabilization. Road sedi-
ment was expected to decline steadily to a threshold |evel by the
fifth year after construction. Maintenance projects (blading and
ditch cleaning) would reactivate sone sedinent production. Skid
trails were considered fully recovered after ten years, firelines
after two, and sediment fromlog |anding sites was expected to drop
to a threshold level after three years. Al coefficients were
expressed as tons of sedinment delivered to perennial stream
channels per mle or acre of disturbance per year. Coefficients
were specific to landtype and age of ground disturbances.

In order to adapt this systemto a sediment prediction nodel
various adjustnents and assunptions were nade. Periodic road main-
tenance was assumed to be the primary sedinent-producing activity
on all existing "collector-type" roads. These roads were assigned
a mai ntenance code of one, two, three, or four-plus based on the
frequency of past maintenance work. Because maintenance activities
can not bhe predicted specifically by year, an average annual sedi-
ment rate was conputed over the nmaintenance cycle for each
category. For exanple, a collector road in the "three" maintenance
category in the nodel woul dannual | ypr oduce sedi ment equal tothe
average of its three year total, which includes one year of main-
tenance andtwosucceeding years of recovery. Road coefficients
are given by landtype and naintenance category in Appendix B-8.

"Local -type" roads, which branch out from the collector
trunks, were given a sediment coefficient based on their age (i.e.
recovery status). Maintenance was assumed to occur about every ten
years on these roads. Therefore all local roads over ten years old
were given a sedinment coefficient equal to the average of their
ten-year maintenance cycle, that is, the average of one maintenance
year sediment plus nine years of progressive recovery.

A more conplex procedure was required to evaluate reconstruc-
tion of existing roads. Reconstruction projects typically involve
as nuch ground disturbance as initial construction. Therefore,
rebuilt local roads were assigned a new age based on the year of
reconstruction. For reconstructed collectors, initial sediment
production was al so estimated based on their new age. However
once a rebuilt collector reached the age of its anticipated main-
tenance frequency, it was shifted to the appropriate sedinent
coefficients for that naintenance category. This could be
different than its previous maintenance category. Local roads
reconstructed to become collectors were treated in the same manner
Mnor reconstruction projects were considered to be covered under
mai nt enance activities.

~Gound disturbance during tinber harvest occurs prinarily on
skidtrails, landings, and firelines. To estimate sedinent pro-
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duction, assunptions were nmade concerning the location of roads,
skidtrails, and firelines required for |ogging. Hypothetical rec-
tangul ar clearcut units of two, ten, and forty acres were
eval uated. These were the standard unit sizes used in forest
pl anni ng.

On roadabl e landtypes, units were | ocat ed bet ween an assumned
road spacing of 1,000 feet and skid trails were plotted perpen-
dicular to roads at intervals of 200 feet. On several |andtypes
characterized by low tinmber volunes, skid trail density was es-
timated at one-third that of nore productive sites.

Log landing requirements were assumed to be one-half, one, and
two acres for two, ten and 40-acre clearcuts, respectively. On
st eepl andt ypes, suspended cable systens woul d be used to harvest
trees (no skid trails) and roads woul d be used for |andings.

Fireline | engths were estinated for ten and 40-acre clearcuts;
pile burning (no firelines) was assumed to be the slash di sposal
net hod used on two-acre clearcuts. |n nost cases, firelines would
be construct& by tractor around the perineter of a cutting unit,
exceFt where roads woul d serve as fire breaks. On steep |andtypes,
firelines would be dug by hand to one-half the width of tractor
lines and have a correspondingly |ower sediment coefficient.

The final results of these sinulations for three clearcut
sizes are given in Appendix B-9. Coefficients for |ogging-related
sedi nent, then, are expressed as tons per clearcutacre per year
and include skid trail, landing, and fireline cycles for all three
di sturbance types. Coefficients(tons of sediment per acre per
year) for the three model ed clearcut sizes were assigned to |arger
Size categories to include all possibilities: t wo-acre co-
efficients for |-5 acre units, ten-acre coefficients for 6-20 acre
units, and forty-acre coefficients for >20-acre units. Landtypes
not suitable for clearcutting were not analyzed.

3 . vdroe] ic Devel

Sedi nent coefficients for the construction of m crohydro-
electric projects were devel oped by considering the associated
ground disturbances. Visits were made to two existing projects -
USFS Addition Creek hydro project (conpleted) and the Wiitefish
hydro project (under construction at the tine) - to gain an under-
standing of actual inpacts.

Al proposal s specify burial of the penstock and transm ssion
l'ine whenever possible. Road construction coefficients were used
to nodel penstock installation since the corridors are simlar to
roads in width and initial function. However, no "mai ntenance'
sedinment coefficients were used for the pipeline routes: instead,
it was assuned that sedinment production would decline steadily to a
mni mum|evel as do unnaintained roads. Re-excavation of a pen-
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stock for repair woul dviol atethis assunptionand require a new
recovery schedule. Road sediment coefficients may in fact be too
conservative for estimating sedinent from penstocks, which are
typically installed at steeper grades than Io?ging roads. Al'so, a
penstock rupture coul d trigger catastrophic slope failure and re-
sul't in severe stream sedimentation.

Transm ssion line burial was simulated by applying the co-
efficients for tractor-excavated firelines (one-fifth road w dth).
This type of disturbance generates relatively mnor anounts of
sedinment and is assuned to be fully recovered after two years.

Sedi ment produced during construction of diversion dams and
power houses was not nodeled. It was assunmed that mandatory pro-
tective neasures (coffer dams, |ined bypass channels, etc.) woul d
be inposed to mninze sedimentationduringthe construction of
diversion danms. These inpacts should be short-lived. Sediment
from powerhouse construction was ignored because the disturbance
area is very mnor in conparison to penstock corridors.

- Access roads would be needed for proposed powerhouses not
adj acent to existing or planned roads. The standard sedi ment
coefficients for local roads were applied to all new access roads.

c ition of Drai Rasi

In order to estimte sedinment production, conplete inventories
of landtype acreages were nade for all proposed project streans and
for the Elk and @ acier Creek drainages. The latter two streans
were included because Elk Creek was an inportant bull trout
spawni ng stream and G acier Creek was considered potentially im
portant for bull trout. Drainage basin boundaries for each reach
of streamwere delineated on a topographic |andtype base map (scale
1:63,000).  Upstream basin boundaries were drawn at the upper reach
boundari es al ong topogr%fhic breaks nmovi ng upsl ope from channe
banks. Lakes at the heads of drainages were considered sedi ment
traps and basin boundaries were drawn inmediately bel ow them
Total acres of each |andtype within each reach basin were deter-
m ned on a Nunoni cs 2400 digitizer. Separate tallies were kept for
five ownership categories: Rational Forest non-w | derness,
National Forest wilderness, Plum Creek Tinber Conpany, State of
Mont ana, and ot her owner shi p.

Using a transportation systembase map and a | andtype overlay,
all existing roads were measured with a Nunonics el ectronic graphic
cal culator/planimeter. Road mleage within each reach basin was
measur edt ot he nearest Ql mle for each | andtype and ownership
category. Type of road and approxi mate year of construction were
al so recorded for each road segnent. Roads ol der than ten years
were coded as being built in 1970 for sinplification.
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A history of tinmber harvest activities on National Forest |and
was conpiled for each reach basin by review ng the tinber stand
data base. Al tinber stands were first assigned a |andtype code.
Stands that overlapped | andtype boundaries were assigned the |and-
type occupied by the majority of their acreage. Finally all tinber
stands harvested by clearcutting in the last ten years were re-
corded. Size of stand (acres) and year of treatnent were noted.

Adequat e records of tinber cutting on Plum Creek Tinber and
Swan State Forest |ands were only avallable for 1977 and | ater
years. Size of cutting units and year of harvest were obtained
from these records. Locations of units by reach basin andlandtype
were determned by cross reference to base maps.

Sediment Prediction Model

Existi lat jonshi

A conmputer program was devel oped to cal culate both natural and
devel opnent-rel ated sediment |oads for the study drainages. Infor-
mati on about |andtype conposition, |ogging activities, and road
building in each stream reach was first assenbled in a data file.
ThecFrogram then references sedi ment coefficient files arranged by
| andtype to conpute annual sedinent |oads for all reaches. The
user must specify a year of interest and an age limt on roads and
logging units to include. Sedinent from upstreamreaches and
tributaries can also be included if desired. A description of the
programis given in Appendix B.

A review of pertinent [iterature was made to gather techniques
for relating sedinent production to streanbed conposition. Conpre-
hensive sediment routing requires historical and site-specific data
on flood frequency, nmass wasting, debris flows, bedl oad transport,
and channel storage (Swanson etal. 1982a). Such an anal ysis was
beyond the scope of this study. Hence, we used regression tech-
niques to look for enpirical relationships between various measures
of watershed condition and streanbed conditions neasured in the
1983 stream habitat surveys. Because channel gradient plays a
maj or role in sediment dynam cs (Heede 1980), it was included as an
I ndependent variable in nost of the tested regressions.

Two categories of percent fines, O-2.0mmand O6.4mm were
tested as dependent variables. Only results for percent fines O
6.4mm are reported, since this is the size range nostoftencited
in fisheries literature and is likely to involve | ess observer
error. Also tested was a combined rating of particle size and
enbeddedness cal led "substrate score" (Crouse et al. 1981). W
omtted the ranking of material surrounding the dom nant substrate
particles because of difficulty in field application. Therefore,
our substrate score is a sumation of three ranks: dom nant
Q%rbichs size, subdomi nant particle size, and enbeddedness

able 3).
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Table 3. Substrate characteristics and associated ranks for
computing substrate score (nmodified fromCrouse et al.

1981).

Rank Characteristic
Particle size class &/

1 Silt and/or detritus

2 Sand (<2.0 m)

3 Small gravel (2.0- 6.4 m)

4 Large gravel (6.5 - 64.0 m)

5 Cchble (64.1 - 256.0 m)

6 Bod der and/ or bedrock (>256.0 mj
Embeddedness

1 Compl etely embedded or nearly so

2 3/2penbedged d

3 | /2 enbedded

4 | /4 embedded

5 Unenbedded

@/ Used for both dominant and subdoninant particle ranking.
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The followi ng determnant variables were tested separately by
regression using the 1983 data set from 46 study reaches for which
bot h sedi nent anal ysi s andhabi t at surveys had been done:

1. annual natural sedinent |oad

2. annual road-rel atedsedi nent| oad

3. annual |ogging-related sedi ment | oad

4, annual total sedinent |oad

5. annual total sediment |oad per acre drainage basin

6. percent of drainage basin in roads and/or clearcuts
(after Cederholmet al. 1980)

7. percent increase over annual natural sediment |oads:

road-rel ated sedi ment

8. ercent increase over annual natural sediment |oads:
0ggi ng-rel ated sedi nment

9. percent increase over annual natural sedinent [|oads:
road and | oggi ng-rel at edsedi ment

10. three year average Percent I ncrease overnatural sedi ment
| oads:  roadand/ or |oggi ngsedi ment

11.  five-year average percent increase over natural sediment
| oads: road and/or | oggi ng sedi nent.

Various nethods of conputing sediment contributions from up-
stream reaches were also tested. These included adding in al
sedi ment from upstream reach basins, only sedinment from the reach
basin immediately upstream and a routed portion of upstream drain-
age basin sedinment. The nethod used to route sedi ment was de-
scribed by Gine etal. (1981). Sedinment delivery ratio is based
on size of upstream drainage area, which is considered to be an
I ndex of in-channel sedi mentstorage capacity (Roehl 1962, Royce
1975). The following equation was used to derive routing co-

fficients:
efficients y = x-0.18

where: Y

channel sedinment routing coefficient,
and

X = upstreamdrai nage area in square m|es.

Regr essi on eguations providing the best fit between cal cul ated
sedinment | oads and stream substrate conditions were chosen to nodel
future inpacts. Standard |ogarithmc transformations, square func-
tions, and variable cross-products were also tested for inprovement
in correlation coefficients.

Future Roads

Ti mber sale planning maps were used to plot future road con-
struction and reconstruction projects on National Forest System
lands in the study area. Future road prgiects were assigned a year
of construction based on the best judgnent of transportation
planners. Information was available to reliably simlate road
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devel opnent activities through 1991, after which planning data is
not specific enough for the needs of this nodel.

The majority of non-federal land in the study area is owned by
the State of Mntana (Swan River State Forestg and Pl um Creek
Ti nmber Conpany. Road building plans for the State Forest were
avail abl e through 1984 only. Further expansion of the road system
could not be predicted and is therefore not included in estimtes
of future sedinent |oads. However, only limted new road construc-
tion on the State Forest is anticipated.

Plans for new roads on Plum Creek Tinber Conpany |ands are
kept confidential except for those in cost-share agreements wth
the Forest Service. Athough the future pace of road construction
and logging will likely be governed by econom c considerations,
Plum Creek seens to be accel erating harvest volunes while nini-
mzing capital investment in new roads. If this trend continues,

sediment fromroad maintenance will increase while that from new
construction will decrease. If on the other hand, access into new
areas is rapidly developed, road construction sediment will in-

crease and nai nt enance sedi nent may decline. Wthout drainage-
specific planning information, sediment production fromnew non-
cost-share Plum Creek roads could not be included in the nodel. As
a result, future sediment loads will probably be underestimated in
drainages with Plum Creek ownership. However, major road systems
in these areas are usually cost-shared with the Forest Service.
The main collector systemis already in place and programred into
the sediment anal isis based on expected mai ntenance frequenci es.
Therefore, the lack of planni n? data from Plum Creek Tinber Conpany
shoul d not conprom se cur results.

Hydroelectric Development
Maps submitted in prelimnary permt applications were used to
| ot | ocations of proposed m cro-hydroelectric projects on
andtyEe/reach basi n maps.  Penstock | engths, transm ssion |ines,
and |1 kely access roads were neasured to the nearest one-tenth nile
using a Nunoni cs pl ani meter.  The hydroproj ects were eval uat ed f or
their individual inpacts by entering theminto the predictive
sedi ment nodel for five different years -- 1986 through 1990 --
with all construction bei n% conpl eted during the year of entry.
Construction could not feasibly start before 1986 because of appll-
cation and review periods, and the inpacts of projects built arter
1990 woul d extend beyond t he period cover edbyot her pl anni ng dat a.
In any case, t henodel assunes that inpact from sedi ment production
begi ns one year after construction, because nost sedinment is de-
livered to streans during spring runoff. This analysis allowed the
conmparison of inpacts between projects as well as between years.

Additionally, various levels and rates of hydroelectric de-

vel opnent were eval uated. Seven separate scenarios ranging from no
devel opnent to full immediate devel opment were run through the
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model (Table 4). In all scenarios except "No Developnent", project
construction was initiated in 1986. Rate of devel opnent of
multiple projects varied, but all scenarios had to be conpleted
within five years to keep inpacts within the planning horizon

To establish a logical sequence of construction, the sites
were ranked primarily by devel oper interest and secondarily by cost
estimtes (Table 5). Status of permit applications with FERC was
used as an indicator of developer interest. Projects with active
prelimnary permts were ranked category 1, those for which the
devel oper expressed an intent to refile were ranked category 2,
those with expired or uncertain filing status were ranked category
3, and those projects whose permts had been formally surrendered
(as of 9/30/83) were grouped category 4.

Wthin devel oper interest categories, the sites were ranked
according to a crude index of relative partial cost per unit of
potential power. Powerhouse and diversion structure costs were
assumed to be simlar anong the projects and were therefore ig-
nored. Penstock and transmssion line costs were estimated using
permt information and graphs given in Cunningham (1982). Costs
for construction of m ninumstandard access roads were estimted at
an average of $15,000 per mle, based on the judgment of Forest
Service engineers. Geological differences between sites that ma
affect project devel opnment costs were not considered. The fina
ranking may not be entirely accurate; it is intended only to
gener at ereasonabl e exanpl es of a wi de range of potential devel op
ment schenes.

WATER YIELD

Al though forest devel opment frequently produces changes in
streanfl ows, the effects vary widely between streans and are
difficult to quantify, partly due to the large variability in
natural streanflows and the nultitude of hydrol ogic processes
affected by tinber harvesting (Harr 1980). In general, water
yields increase after tree renoval because canopy Interception of
rain and snow is elimnated and soil noisture content rises with
decreased transpiration (Rothacher 1973, Chanberlin 1982).
Al though Iow flows are usually nore affected than high flows,
| ogging roads can increase the surface drainage network of a basin
and magnify peak flows (Hsieh 1970). Increases in runoff after
ngéesting can substantial ly raise sunmer streanflows (Chanberlin

According to the Proposed Flathead Forest Plan, future tinber
harvests will be managed to protect water quality and prevent
deterioration of streambanks. Water yield increases are not
expected to exceed natural runoff by nore than 12 percent in any
stream and none of the Swan study streams is considered to be in
risk of hydrologic damage. Therefore, the effects of future flow
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Tabl e 4.

Descri ption of nmcro-hydrodevel opnent scenari os.
Construction would begin in 1986.

Scenario

No. of projegts
devel

Rate of
developnent

No devel opnent

Lowi ncrenent a

Low i mredi at e

Mbder ate increment al
Moder at ei medi at e
Ful | incremental

Ful | irmmediate

None
Four
Four
Ten
Ten
Twenty
Twenty

the proj ect/year
Four projects/year
Two projects/year
Ten proj ects/year
Four projects/year
Twenty projects/year

&order of devel oprent det er mi ned by rank (Tabl e 5).

33



Tabl e 5. Ranking of proposed mcro-hydro projects in the Swan
River drainage.

Rel ative
I nt erest cost i ndex
Proj ect category  (per rated kw capacity) Rank
Squeezer 1 1350 1
Pi per 1 2830 2
Cedar 2 2030 3
Col d 2 2400 4
Hal | 3 990 5
Sixmle 3 1930 6
S. Wodward 3 2540 7
Bond 4 1190 8
G oom 4 1230 9
scout 4 1380 10
Por cupi ne 4 1530 11
Soup 4 1770 12
Bet hal 4 1920 13
Goat 4 1990 14
Li on 4 2230 15
S. Wodward trib. 4 2380 16
Li me 4 2890 17
Yew 4 3250 18
N. F. Lost 4 3690 19
S.F. Lost 4 3760 20
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increases on fish habitat were considered mnor in conparison to
sedi ment at i onandwer enot i ncl uded in this assessnent.

ON-SITE INVESTIGATIONS

Limted neasurements of water tenperature and dissolved gasses
were made at two oFerating smal | hydro projects in northwestern
Montana &ing the |ate sumrer of 1984. These measurenents were
made in order to identify problens that mght result from project
operation

The Whitefish hydro project is a recently conpleted retrofit
of the city's nunicipal water squIy system This project has a
rated capacity of 160 KWwith about 690 feet of gross head and
I nvol ves diversion structures on two headwater streans. The di-
verted waters are combined and pass through a 12,500 foot |ong
buried penstock that tapers from 15-inch dianeter at the upper end
to 12-inch at the |ower end. The water is forced through small
di ameter high pressure nozzles to produce jets which drive a Pelton
wheel . After Passing thro%&r the powerhouse, the water enters the
smal | municipal reservoir which drains into \Witefish Lake rather
than back into the stream (Haskill Creek) fromwhich the waters
were diverted. Continuous recordin% t hermographs were placed above
each of the two diversions and in the powerhouse outfall to nonitor
tenperature changes that may result from diversion through the
underground penstock. Gas saturation measurenents were nade at
these three sites on two dates (late August and m d- Sept enber)
using a hand-hel d Weiss saturoneter and net hods described by
Fi ckei sen etal . (1975).

The USFS Addition Creek hydro project is a SOKWfacility that
was constructed between 1979 and 1982 to supply electricity to the
Spotted Bear Ranger Station near the South Fork of the Flathead
River. This project consists of a concrete diversion structure and
two 15 inch buried penstocks that are 2900 feet |ong andprovide
129 feet of gross head. Dverted water is returned to the stream
approximately 200 feet bel ow the powerhouse. The powerhouse is
equi pped with a cross-flow turbine simlar to that described by
G oss and Vahl (1983). Continuous recording thernographs were
placed above the diversion dam in the powerhouse outfall, and in
the partially dewatered stream channel inmediately above the diver-
sion return. Gas saturation measurenents were made at these three
sites on two separate occasions.
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RESULTS AND DI SQUSS| ON
FI SH POPULATI ONS AND BI OLOGY
Tril .
Abund ) Distributi

Fi sh popul ation sizes were determned by electrofishing on 74
tributary reaches. Cutthroat and brook trout were the nost widely
distributed species, being found in 45 and 40 reaches, respective-
ly, while bull trout were present in 31 reaches. Maxinmum observed
brook trout densities (more than 600 fish 75 nmand | onger per 300
neters of streaT) were nuch |arger than peak cutthroat or bul
trout densities (285 and 270 fish per 300 neters, respectively).
Wth the exception of mgratory adult bull trout, tributary fish
were relatively small, ranging for the most part between SO and 200
mm (Figure 5. Fish longer than 200 mm (8 inches) Eyplcally com
prised four to six percentofthetotal fish captured by electro-
fishing in tributaries.

Fi sh species abundance and distribution within tributaries to
the Swan River appeared to be strongly influenced by channel gra-
dient (Figure 6). Brook trout were by far the nost abundant
species in lowgradient (0 to 3% reaches while cutthroat trout
predom nated in higher gradient headwater reaches. Bull trout were
not a dom nant species in any gradient cate?ory but tended to be
?Dst abugdant in reaches having gradients of six percent or |ess

Figure 6).

Both Giffith (1972) and MacPhee (1966) observedt hat br ook
trout tended to displace cutthroat trout in low gradient stream
reaches in ldaho. Giffith (1972) believed that the relative
success of brook trout in these areas was related to differentia
vul nerability to angling and to a brook trout size advantage. The
fry of fall-spawning brook trout emerge fromthe gravel nuch
earlier in the year than fry of spring-spawning cutthroat trout and
are consequently able to attain larger size during their first year
of life. The ability of brook trout to populate |ow gradient
stream habitats in relatively large nunbers and the size advantage
they possessed were probably the primary factors responsible for
thelr dom nance over cutthroat in low gradient streamreaches in
the Swan drai nage.

An estimate of thetotal nunber of each of the three species
of trout inhabiting the tributary system was made in order to
facilitate the process of cumulative inpact prediction. For the 74
reaches that were electrofished, this sinply involved expanding the
popul ation estimates over the entire Iength of the reach. The 28
reaches that were not ground surveyed were classified into the
gradi ent and drai nage area categories used i n our reach subsanpling
schene. The popul ation density of each trout species in each of
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the 28 unsurveyed reaches was then estimated using average fish
popul ation densities for each gradient-area category determ ned
fromfield el ectrofishing surveys (Table 6). In a fewinstances it
was intuitively obvious that a particular species did not inhabit a
particul ar unsurveyed reach based on information gathered in
adjacent (i.e. upstream and/or downstrean) reaches. In these cases
the density of the species in question was assumed to be zero.

Using the procedure described above, it was estinated that the
tributary systemwthin the study area supported approxi mately
107,000 brook trout and 65,000 cutthroat trout. A total population
of 31,000 stream dwelling bull trout was estimated, however, this
nunber probably included a significant nunber of streamresident
fish and fish of undetermined origin. A different procedure
(described in the Cunul ative Inpact Analysis section of this
report) was used to estimate the population size of mgratory
Luvenile bul | trout and to predict the cunulative effects of snmall

ydro devel opnent on these fish.

Habita Preference

Stepwise nultiple regression analysis identified five habitat
variabl es that together accounted for 80% of the variation in
juvenile bull trout density in 21 Swan tributary reaches (Table 7).
Streanbed substrate score was the most influential variable in the
model , accounting for 34%of the variation in bull trout density
(Table 7). The remaining four variables (maxinum pool depth, tota
i nstream cover, drainage area, and channel debris) together
accounted for the remaining 46% of total variation in bull trout
density. The positive correlation with substrate score suggested
that juvenile bull trout preferred streans having relatively coarse
and unenbedded streanbed materials. Hgh juvenile bull trout
densities were also associated with relatively deep water in
smal | er streams having |large amounts of instream cover (primarily
cobbl es and boul ders) and | ow anmounts of channel debris.

A significant relationship was obtained between cutthroat
trout density and three stream habitat variables neasured in 35
tributary reaches (Table 7). The negative coefficients assigned to
maxi mum depth and drai nage area I ndicate that high cutthroat
densities were nmost often found in small streams. Maxinum depth
and total instream cover accounted for nmost (39% of the variation
in cutthroat density in tributary reaches.

Total instreancover was foundtobe the single nost inportant
envi ronment al variabl e influencing brook trout density in 33
tributary reaches (Table 7). Athough it is likely that other
variables were inportant in determning brook trout abundance,
their incorporation into the analysis did not add statistically
significant predictive power.
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Table 6. Average fish popul ation size (nunber of fish 75 nmand
| onger per 300 mm of stream) in reaches wthin various
gradi ent and drai nage area categories in Saan R ver

Standard deviations are in

drainage tributaries.

parent hesi s.

Dr ai nage Nunber

Ave. no. fish >75 nm

per 300 m (+SD)

G adi ent a"t:g reaches  Cutthroat Br ook Bul |
% ( km®) sanpl ed trout trout trout
0 3% 020 3 11(+14)  490(+103) 0(+0)
>20-50 13 6(+12) 154 (+89) 22(+36)
>50 11 5(+10) 164 (+177) 59(+73)
3-6% 0-20 8 104 (486) 49(+69) 0(+1)
>20-50 9 42(+455) 22(+60) 59(+89)
>50 1 0 0 108
6-13% 0-20 14 81 (+85) 1(#2) 8(+21)
>20-50 5 73(+116) 44 (+65) 24 (454)
>50 1 39 129 39
>13% 0-20 9 57 (158) 3(+8) 0(10)
>20-50 - - — —
>50 — —_ — —

40



Table7.  Stepwise multiple regression nodels that describe the relationships

between trout density (

number of fish 75 mmand | onger per 100 square

meters) and streamhabitat variables for tributary reaches in the Swan
River drainage.

_ Parti al Signi ficance
Speci es Vari abl es correlation Sl ope (p-val ue)
Bull trout Reach substrate score 0.71 0.71 <0.01
(R“=0. 81, n=21, Maxi mun pool depth 0.79 0.12 <00

p<0. ) Tot al instreamcover 0.58 0.08 0.01

Reach drainage area -0. 65 -0.07 <00

Channel debris -0.59 -0.06 0.01
Cu;l-throat trout Maxi nundept h 0.48 -12.60 <0.d
(R®=0.46,n=35, Total instreamcover 0. 53 0. 32 <00
p<0.05) Reach drainage area -0.34 -0.10 0.01
Brook trout Tot al instreamcover 0.53 0.39 <0.Q

(r=0.53,n=33,
p<0.05)




Swan River

Fi sh popul ation estimtes were obtained in tw sections of the
Swan River during the fall of 1982 to determne the distribution
and abundance of mgratory cutthroat and bull trout. Rai nbowand
brook trout were the dom nant species in a 457 nmeter section of the
upper river imediately below Cygnet Lake, a snmall |ake slightly
downstreamfromLindbergh Lake. These fish were relatively snal
and ranged up to 280 mm (11 inches? total length. Population
densities of rainbow and brook trout larger than 75 mmwere 210 and
190 fish per kilonmeter (338 and 304 per mle), respectively. Very
few cutthroat and no bull trout were captured.

Rai nbow and brook trout were also the dom nant species in a
6 km (3.7 mle) sectionin the mddle portion of the river, between
the Salmon Prairie and Piper Creek bridges. The fish were
generally larger in this portion of the river, rainbow trout ranged
up to S mm (19.8 inches) and brook trout up to 269 mm (10.6
inches) total length (Leathe and G aham 1983). Popul ation esti -
mates were made only for fish larger than 150 mm (6 inches) due to
gear inefficiency and low fish densities and were 187 and 155 fish
per kiloneter (30land 249 per mle) for rainbow and brook trout,
respectively. A few juvenile bull trout and only two cutthroat
trout were captured, suggesting that significant use of the river
by these species for anything other than a mgration corridor
between the tributaries and Swan Lake was unlikely. Further, the
exam nation of stream trapping, lake gill netting, and angler
harvest information in conjunction with river electrofishing re-
sults suggests that the Swan R ver drainagecurrent!|ysupports a
very limted nunber of mgratory westslope cutthroat trout.

Swan Lake

Agi | I netsurvey of Swan Lake was conducted during April of
1983 to determne the distribution and abundance of ganefish and
the status of mgratory bull and cutthroat trout. Peanouth and
northern squawfish were the most numerous species captured,to-
get her conprising 60% of the floating net catch and 76% of the
sinking net catch (Table 8). Rainbow trout outnunbered cutthroat
trout in floating and sinking net catches. Shoreline net sets were
ineffective in capturing kokanee sal mon which are known to be
abundant in the lake and were the dom nant species in the sport
fishery, as will be discussed later. Swan Lake kokanee do not use
the river systemfor reproduction.

Catch rates for westslope cutthroat trout in floating gil
nets were very low (0.3 per net) inconparison to catches made in
nearby Flathead Lake (more than 3.0 per net) during a simlar tine
period (Leathe and Graham 1982). This indicated that a.relatively
smal | popul ation of cutthroat trout inhabited Swan Lake in spite o
the fact that the I|ake received plants of 30,000 to 50,000 finger-
lings (four to six inches) in nost years since 1975. The bul
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Table 8. G1Il net catch information for Swan Lake during April of

1983.
Fl . Sinki
. Total GCatch per Total  Catch per

Speci es catch net catch net
Rai nbow t rout 8 0.7 2 0.2
Cutthroat trout 3 0.3 0 0

Rai nbowx cutt hroat 2 0.2 2 0.2
Bul I trout 3 0.3 44 3.7
Brook trout 1 0.1 1 0.1
Kokanee sal non 1 0.1 0 0

Mountai n whitefish 5 0.4 13 1.1
Nort hern pi ke 4 0.3 7 0.6
Nort hern squawfi sh 19 1.6 131 10.9
Peamout h 43 3.6 198 16.5
Largescal e sucker 9 0.8 23 1.9
Longnose sucker 0 0 11 0.9
Yel ['ow perch _2 0.2 -1 0.1
Tot al 100 8.6 433 36.2
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trout catch in sinking nets (3.7 fish per net) was simlar to
catches fromFl athead Lake where bull trout are a popul ar sport
fish (Leathe and G aham 1982, G aham and Fredenberg 1983). Mst of
the bull trout captured in Swan Lake were taken in the north and
m ddl e sections whereas nearly all of the 11 northern pike were
captured in the shallow, weedy south end.

Age and Growth

Gowh rates of trout in the Swan River drainage varied
mar kedl y between species and areas. Tributary cutthroat trout
(from Cedar, S.F. Lost, Soup, and G oom creeks) were the sl owest
grow ng fish in the drainage, requiring four years to attain a
length of 151 nm (about six inches; Table 9). Based on the exam
ination of scales and otoliths it was estimated that from75 to 80%
of tributary cutthroat did not forma first annulus on their
scales, indicating a very slow growth rate. This percentage was
hi gher than that reported for cutthroat in tributaries to the North
and Mddl e Forks of the Flathead River (61%m ssing; Fraley et al.
1981). Information on fish tagged in Soup Creek during April of
1983 and recaptured in Novenber of the sane year indicated that
cutthroat trout grew much nore slowy than did brook trout, even in
the sanme stream  Cutthroat ranging between 100 and 130 nmtot al
length in April grew an average of 19 nmm(SD=+6 nm n=23) by
November while brook trout in the sane size range grew an average
of 39 nm (SD=+6 nm n=7).

Brook trout grew rapidly during the first two years of life in
the mddle section of the Swan River (Table 9) but tish Ionger than
250 mmwere relatively rare in the popul ation (Leathe et al.
1985a).  This may have been largely due to natural nortality since
these fish matured at an early age. A nost all of theripefemale
brook trout captured by river electrofishing during the fall of
1982 ranged between 125 and 180 mmtotal |ength and would thus be
one or two year old fish. Rainbow trout growth appeared to be
appreciably faster in the mddle section of the Swan River than in
the upper section (Table 9).

Juvenile bull trout grew relatively slowy in tributary
streans but growth accelerated rapidly after these fish emgrated
fromtributary streans, primarily as one and two year old fish
(Table 9). Bull troutwerethe nost long-lived trout species in
the drainage and were al sothelargest. Fish |onger than 700 mm
total Iength were not unconmon in spawning runs. However age and
growh information on these fish was difficult to obtain because of
scal e regeneration and problens with age determnation on ol der
fish.  Gowh and condition of Swan Lake bull trout was better than
that reported for nearby Flathead Lake by Leathe and G aham (1982).

Direct enpirical information on the growth of repeat-spawning

bull trout in the Goat Creek drainage was obtained via the recap-
ture of 31 repeat spawners during the fall of 1984 that had been
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Table 9. Age and growth information for four trout species in various portions Of the Swan River drainage.
. Total length (mm) at age
Area species | 1 1 v \Y; Vi VIIL VI IX X
_ 47
Tributary streams Cutthroat Lengt(h) (nmy  (339) (303p (178) 151() g?
n
Tributary streams Juvenile Length (mj 59 103 144
bull trout (n) (278) (122) (21)
Lake, river and Bull trout  Length (nm 66 127 221 330 424 510 602 662 689 704
tributaries (adult & (n) (551) (395) (293) (266) (183) (96) (36) (9) (@ ()
juvenile)
River (upper Rainbow Length (mm) 74137 192 224
section) (n) ) © @ @
River (middle Rainbow Length (mm 82 153 258 351 425
section) () (44) 96 @) (17 (7)
River (middle Brook trout Length (mm) 95 162 193
section) (n (185) (53) (2




tagged during the fall of 1983. Recaptured fish weresegregated
I nt 0100 nm si zegroups based on their initial length to account
for size-related growth differences. As shown in Table 10, nost
repeat spawning bull trout grew nearly SO nmduring the period
between spawning. This was somewhat surprising since these fish
typically left the spawning streams during Cctober in poor con-
dition and mgrated approximately 27 km (17 mles) downstreamto
Snan Lake where they woul d reside until upstream spawni ngnovenent s
were initiated the next May through July.

Movement

Qutthroat Trout

A total of 1,320 cutthroat trout were tagged in tributary
streams during three field seasons (1982 - 1984). Only three of
these tags were returned by anglers and all these fish were cap-
tured in the sane stream where they were tagged. The few fish
recaptured by MDFWP el ectrofishing crews were also collected in
their source stream

Only four suspected mgratory adult cutthroat trout were cap-
tured in fish traps set in Hall, Goom Bond, Lost and Soup Creeks
during the spring and early summer of 1983. Al these fish were
captured in downstreamtraps, suggesting that they had conpl et ed
spawning and were returning to downstream areas. Only 21 juvenile
cutthroat were captured (all in downstreamtrap) in spite of the
fact that noderate to high densities of cutthroat trout were known
to exist in accessible areas upstreamfromtrap sites. Trap
catches of emgrating juvenile cutthroat trout were typically high
t hroughout the spring and early summer period in Flathead River
tributaries that supported mgratory cutthroat runs (Mntana Fish
and Game 1979, Gahamet al. 1980).

| nstream novenents of cutthroat trout in a proposed small
hydro project area on upper Soup Creek were eval uated by el ectro-
fishing 14 established sections in April and Novenber of 1983 and
in My of 1984 using previously described nethods. A total of 216
cutthroat trout 100 mmand | onger were capturedinthe re-survey of
the 14 sections during Novenber of 1983. Hfty-one of these fish
had been tagged in April and 88% of these previously tagged fish
were recaptured in the same 30 msection in which they were tagged.
Only six fish were recaptured away fromtheir “home” section. One
of these noved upstream one section, four noved down one section
and one fish noved nine sections (about one kiloneter) downstream

During the May 1984 re-survey of upper Soup Greek a total of
31 previously tagged fish were captured. Twenty-two of these had
been tagged the previous Novenber and nine had been tagged in
April, 1983. Al of the Novenber fish and eight of the nine Apri
recaptures were captured in their home section during N%y of 1984,
One fish noved downstream one section (110 meters) during the
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Tabl e 10.

Average growth increments (mllinmeters, total |ength)
for mgratory adult bull trout tagged after spawning in
the CGoat Creek drainage during the fall of 1983 and
recaptured follow ng repeat spawning in fall, 1984,

Lengt h when No. of fish Ave. growt h Standard
tagged (mm) recapt ur ed (TL, mm) deviation (m
301- 400 1 110 ---
401- 500 4 48 ($22)
501- 600 12 S0 (£14)
601- 700 9 49 (+14)
701-800 5 2s (+11)
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period April 1983 through May 1984. Only one tagged cutthroat was
captured in a trap fished at the downstream end of the study area
on upper Soup Creek during the spring and early sumrer of 1983.
The results of our cutthroat trout movement studies indicate that
the tributary streams studied supported primarily resident fish and
received little use by mgratory cutthroat trout for spawning and
rearing. Mvenents of these resident fish were generally small, on
the order of 100 meters or less. Qur findings were simlar to those
of MIler (1957) who reported a hone territory of not nore than 20
yards for cutthroat trout in Gorge Creek, Alberta. Loss of Floy
fingerling tags in our study was four percent between April and
Novenber of 1983.

Brook Trout

A total of 10 and 432 brook trout were tagged in the Swan
River and its tributaries, respectively during the study period.
Eighty-four percent of the tributary fish were tagged in novement
sections established in | ower Soup Creek. Six brook trout tags
were returned fromfish that were tagged in Soup Creek and sub-
sequent|y recaptured in the sane area by anglers. One fish tagged
in the Swan River during August of 1982 was caught by an angler in
Soup Creek in Cctober of 1982. This fish noved about 8 km down the
Swan River prior to entering Soup Creek where it may have spawned

Only eight of the 14 novenent sections established in |ower
Soup Creek during April of 1983 to nonitor brook trout novements
were resurveyed during November due to problems with ice buildup
Only 11 of the 232 brook trout |arger than 100 nm captured during
Novenber had been ta?ged the previous April. Eight of the 11
recaptured fish were found in their home section while three had
moved €i ther two or three sections (220 to 330 nj downstream From
these investigations we concluded that brook trout generally
remained in their hone streams and moved little.

Bull Trout

Approxi mately 550 juvenile bull trout were ta?ged in tributary
streams during the study period. A few of these fish were recap-
tured in their hone stream by MDFWP el ectrofishing crews and two
such returns were obtained from anglers. Only one juvenile bul
trout displayed a significant novement; it was tagged in Goat Creek
in August of 1982 and recaptured by an angler in Swan Lake (27 km
downstream from CGoat Creek) in January, 1984.

A total of 270 post-spawning adult (larger than 400 mm bul
trout were tagged in fall trapping operations conducted on Goat
Creek. As of Decenber of 1984, tags from 24 of these fish were
returned by anglers. Eighteen of these returns came fromfish
caught in Swan Lake and four of these were recaptured within 17
days of tagging, indicating a rapid return to the |ake follow ng
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spawning. Five fish that had been tagged in the fall of 1983 were
subsequently caught in the Swan River 1n the vicinity of Goat Creek
during the summer of 1984. These fish were likely returning up the
river systemto spawn again.

Only one tagged adult bull trout was recapt uredout si deof the
Swan River drainage, indicating that the Swan popul ation was es-
sential ly isolated, probably because of the previously mentioned
hrdroelectrlc diversion dam on the Swan River inmediately above
Fl athead Lake. This 804 mmlong fish was tagged at Goat Creek in
Sept enber of 1983 and m grated 64 kmdownstreamto Fl athead Lake
and then 55 kmup the Flathead River to where it was caught in
June, 1984. The timng of this 119 km (74 mle) novenent suggested
that the fish may have been bound for a spawning area in the upper
Fl athead Ri ver system Tag loss for repeat spawning bull trout at
Goat Creek was estimated to be 31 percent.

Bull Trout Spawning Surveys
Redd_Counts

G ound survey crews censused 76 to 211 kmof potential bul
trout spawning habitat in tributary streans during the years 1982
through 1984 (Appendix A-2) and located 206 to 327 redds each year
(Tabl e 11). nety percent or nore of all bull trout spawning each
year occurred in approximately 29 km (18 mles) of habitat |ocated
In four tributary streans (El'k, Lion, Goat, and Squeezer creeks).
Bull trout were very selective in choosing spawning areas as there
were about 340 km (211 mles) of accessible streamhabitat in the
Swan tributary system The nost concentrated spawning use in the
drai nage occurred each year in El'k Creek, where 44 to 52 redds were
found In the most heavily used one-kilometer section

Over the three-year period, an average of 84% of bull trout
redds were found in l'ow gradient (0 to 3% streamreaches in nmedium
or large sized drainages while only one percent were found in
reaches having gradients higher than six percent. Between 16 and
20% of all redds found each year were |ocated within proposed snal
hydro project diversion areas (Table 11). This represented a
serious threat to mgratory bull trout Eroduction in the drainage
since these fish spawn in the fall and the eggs incubate during the
wi nter nmonths when dewatering for power production would nost
l'ikely occur. Bull trout redd distribution graphs and spawning
maps may be found in Leathe et al. (1985h).

. istics and Size of Spawning §

Nunbers of bull trout redds observed in Swan tributaries were
simlar to counts made in the Mddle Fork of the Fl athead River
drai nage (300 and 237 redds during 1980 and 1981, respectively) by
Fraley et al. (1981) and Shepard et al. (1982). Based on redd
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Tabl e 11. Nunber of bull trout redds found in tributaries to the
Swan River during 1982 through 1984. Numbers of redds
found wi t hin diversion areas of proposed snall hydro
projects are in parenthesis.  Asterisks indicate that
the creek was not surveyed.

Cr eek 1982 1983 1984

Cedar 1 * *

Col d 1(1) 9(8) 6(3)

El k 56 91 93

d aci er ] 1 *

Coat 33 (16) 39(16) 31(20)

Jim 7 6

Li on 63 (4 4954) 88 (13)

N. Fork Lost 9(8 6(6) 7(5)

S. Fork Lost 2(1) 1(1) 12 (3)

Pi per 0 0 1 1)7

Squeezer 41(1]) 57(7) 8§?1 )

Wodwar d 0 1 .

S. Wodward 0 2

Lost 0 0 0

Tot al 206 (41) 263 (42) 327 (62)




count information, spawner densities in Swan Lake apBeared to be
substantially higher than those in Flathead Lake or Pend Oweille
Lake, |daho (Table 12). Both of the latter two |akes support
popul ar recreational bull trout fisheries.

Length frequency diagrams for post-spawning mgratory adult
bull trout captured in trapping operations on Coat Creek (including
Squeezer Creek, its mpjor tributary) indicated a relatively even
size distribution of spawners, ranging between 350 and 830 nmtota
length (Figure 7). Age frequency analysis indicated thatnostfish
in the run were between four and seven years of age (Table 13) but
this analysis may have been biased towards younger fish since
suitable scales for aﬁe determnation were difficult to obtain from
the larger, older fis

Returns from trapped fish (adjusted for tag |oss) indicated
that 33%of the 1984 run was conprised of repeat spawners from
1983. It was estimated that nost spawning durin? 1984 was com
ﬁleted by nld-SeEtenber since 84% of the identifiable spent females

ad noved throu? the trap by that time. Emgration of nales peaked

during the following week. Trapping results were not used to
estimate total run size in either %ear because traps were not
installed until spawning (and probably sone emgration) had
conmenced. Experience from such operations in other parts of the
Fl at head drai nagei ndi catedthat traps often disrupted upstream
spawni ng novenent s

CREEL CENSUS

Swan Lake

Angl ers expended 21, 734 hours (#2540 hours; 95% () of fishing
effort on Swan Lake between My 21, 1983 and Nh{ 18, 1984. This
pressure estimate was based on 41lcounts of anglers made on 231
days of the 365 day fishing season. Using an average of 3.17 hours
per conpleted trip, a total of 7093 an& er-days was estimated.
N nety-four percent of total fishing pressure was expended in the
southern half of the |ake and 83% of total pressure was attributed
to boat anglers. SeventK-tmo percent of total annual fishing
pressure occurred during the four summer months, My through August
(Figure 8. The ice fishing season (January through March)
accounted for 11% of total annual pressure.

Kokanee sal mon were the nost numerous species harvested from
Swan Lake by anglers during the year and an estimted 14,430 fish
averaging 240 mmtotal length were taken (Table 14). N nety-seven
percent of the kokanee harvest occurred during the months of June

through September. The average catch rate for the 156 parties
hnterV|emed who fished specifically for kokanee was 1.68 fish per
our.
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Tabl e 12. Popul ation density estinmates for mgratory adult bull
trout based on annual redd count data in the Saan Lake,

H athead Lake, and Pend Qeille Lake systens.

Estimat
nunber Surface area of  Adults per
Dr ai nage Year of adults lake (hectares) hectare
Swan 1982 gook/ 1,085 0.74
1983 1,000 0.92
1984 1, 250 1.15
Flatheads 1980 2, 400 51, 000 0.05
1981 2,500 0.05
1982 4,700 0. 09
Pend Oreilled/ 1983 3,1250/ 38, 300 0.08

o/ Assuming spawni ng escapenent of 3.2 fish per redd

(Fraley et al. 1981).

%/ gpan and Pend Qi | e estinates assunme 3. 2 fish per redd
and 80% redd counting efficiency (Fraley et al. 1981).

¢/ DetafromFraley et al.
Shepard and G- aham (1983

&/ Data fromPratt (1984b).

)

C).
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Figure 7. Length frequency diagrans for mgratory adult bull trout captured in
trappi ng operations at the nouth of Goat Creek in the Swan River

drainage during the fall of 1983 and 1984.



Table 13. Age distribution of post-spawning mgratory adult bull
trout captured in trapping operations at the mouth of
Goat Creek in the Swan River drainage during the fall
of 1983 and 1984.

(yi’;fs) No. Oflgfgissaun (% ngs‘i%#m—ﬁ
3 0 (0) 0 (0)
4 14 (20) 19 (20)
5 19 (26) 33 (34)
6 20 (28) 28 (29)
7 13 (18) 13 (14)
8 5 (7) 2 @)
9 1 (1) 0 (0)
10 0 (0) 1 (1)
Tot al 72 96
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Table 14. Harvest estimates (with 95 percent confidence intervals)
and length infornation for the five principal ganefish
species caught in Swan Lake during 1983 and 1984.

Esti mat ed Aver age Lengt h  Nunber

_ har vest I engt h range of fish

Speci es ($95% CI) (nm) (mom) neasur ed
Kokanee salnon 14,430 (+3,392) 240 192- 309 57
Nort hern pi ke 1,238 (+461) 613 392-891 65
Bul | trout 739 (+263) 458 298- 708 69
Rai nbow t rout 284 (+182) 292 243- 328 6
Cutthroat trout 238 (+147) 296 259- 352 5
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Anglers harvested an estimted 1238 northern pike from Swan
Laket hat averaged 613 mm long (Table 14). Al of the estimted
pi ke harvest occurred during the nonths of April through Cctober
and no pike fishing parties were encountered during the period
Novenber through March. The average catch rate for the 100 inter-
viewed parties who fished specifically for pike was 0.21 fish per
hour.

Bull Trout were the third nost abundant fish species harvested
from Swan | ake and creeled fish averaged 458 nm|ong (Table 14).
The total harvest of 739 fish was distributed relatively evenly
across all nonths of the year. Bull trout were sou%ht by 92% of
154 ice fishing parties interviewed during the late fall and winter
mont hs (Novenber through March).  However, harvest was not
particularly high during these nonths because overall fishing
pressure was | ow inconparisonto other nmonths (Figure 8). Bul
trout anglers experienced an average catch rate of 0.26 fish per
hour for the entire season and winter catch rates were usually 0.28
to 0.32 fish per hour. These anglers releaseda nuch |arger per-
centage of their catch (65% than did northern pike or kokanee
anglers (3%and 4% respectively). Mny bull trout anglers were
cogni zant of the life history of the species and vquntariIY re-
| eased subadult fish in spite of the fact that the bull trout limt
in effect was 10 pounds and one fish, or 10 fish.

On an annual basis, 69% of interviewed Swan Lake fishing
parties originated fromthe three local counties (Lake, Flathead,
and hAssoulé% while 20% were residents of other states and Canada
Nonr esi dent and Canadi an angl ers conprised 33 to 45%of the parties
interviewed during June, July and August, indicating the signif-
i cance of summer tourismin the Swan drainage.

Di stinct seasonal fisheries existed for thethreeprincipa
gamefi sh species harvested from Swan Lake. Simlar types of
specific fisheries were identified in nearby Flathead Lake by
G aham and Fredenberg (1983%. Seventy-three percent of the 593
parties interviewed duringthe one-year study on Swnan Lake reported
that they fished specifically for either kokanee sal mon, northern
pi ke, or bull trout.

An estimate of fishing pressure directed specifically at each
of the three main target species was obtained onanonthly basisb
mul tiplying nonthly pressure estimates by the percent of a
parties interviewed during the month that fished for a particular
species. For exanple, during August of 1983, a total of 103 fish-
ing parties were interviewed, 48% of which reported fishing specif-
ically for kokanee. It was then assumed that 48% of the 5067 hours
expended during August were directed exclusively at kokanee, which
anounted to 2432 hours. Using this approach, we estimted that
7079, 4112, and 3558 hours were s%ent fishing specifically for
kokanee sal ntn, northern pike, and bull trout respectively. These
nunbers probably underestimated total pressure on these species
since portions of nulti-species fishing trips were |ikely devoted
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to themas well. Conprehensive tabular summaries of Swan Lake
creel results arein Leathe et al. (1985a).

Swan R ver

An estimted 16,508 (+2742; 95%C) hours were expended by
anglers fishing three sections of the Swan River during 1983
(Table 15). This estimte was derived fromaerial counts made on
101 days of the 194 day fishing season. Using an average of 2.76
hours per conpleted trip, atotal of 5981 angl er-days were esti-
mated. Monthly fishing pressure estimates for the Swan River were
very simlar to corresponding estimites for Swan Lake (Figure 8
Most (71% of the total river fishing pressure occurred during July
and August and fishing pressure was greatest in the section
i medi ately above Swan Lake (Table 15). Boat fishing was neg-
ligible in the upper two sections but conprised 36% of the tota
fishing pressure estinated for the |ower section (Leathe 1985).

Using interview information from 248 parties of anglers and
fishing pressure estimtes, we estimated that 2399 brook trout and
1765 rainbow trout were harvested from the Swan River during 1983

Table 16). Lesser nunbers of bull trouyts64), cutthroat trout

240), and mountain whitefish (11) were taken. Bull trout up to
697 nmin length were caught (Table 16) and length frequency data
indicated that 44% of the bull trout catch was conprised of adult
fish (larger than 400 nmm). As would be expected, catch rates for
brook and rai nbow trout 30.33 and 0.27 fish per hour) were nmuch
greater than those for bull and cutthroat trout (0.06 and 0.05).

Interview results indicated that Swan River anglers were far
less particular in terms of fish SEecies sought than were Swan Lake
anglers. Seventy-two percent of the River fishing parties reported
fishing for trout in general or "any fish". Six percent of the
parties interviewed fished specifically for bull trout while 13%
6% and 3% fished for rainbow brook, and cutthroat trout re-
spectiveh¥. Most parties (71% were fromthe three local counties
(Flathead, Mssoula, and Lake) while 22% were from out-of-state and
only one percent were Canadian. Swan River creel census results
are also in Leathe et al. (1985a).

Iril .

As discussed in the Methods section of this report, two dif-
ferent nmethods were used to indirectly estimate tributary fishing
pressure. Based on the relative nunber of conpleted triP hour s
censused at check stations, we estimated that tributary tishing
pressure was about 61% of Swan River fishing pressure. Responses
to the 1982-1983 statewi de mail survey of anglers indicated that
tributary pressure was 44% of Swan Lake fishing pressure. Applying
these percentages to our river and lake pressure estimtes yielded
tributary fishing pressure estimates of 10,136 and 9573 hours. It
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Table 15. Fishing pressure sunmary for three sections of the Swan
River during 1983. N nety-five percent confidence
intervals are in parenthesis.

. Section |ength Fi shing pressure

Secticn (river km (hours; +95% Cl)
Swan L. to Goat Cr. 30 8, 113 (+2,203)
Coat . to Cold Cr. 24 4,218 (+1,114)
Cold . to Cygnet L. 31 4,197 (#1,193)
Total 85 16, 507 (+2,742)
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Table 16. Estimated harvest (+95% confidence interval) and size
i nformation for ganefish fran three sections of the Saan
River during 1983.

Estimat ed Aver age Length Nunber

. har vest | engt h range of fish

Speci es (+95% ) (mm) (mwm) measur ed
Br ook t rout 2,399 (+1,004) 218 160- 287 26
Rai nbowt r out 1,765 (+674) 264 163- 440 38
Bul | trout 564 (+264) 444 220- 697 9
Qutthroat trout 240 (+153) 226 192- 285 4

Mount ai n whi tefish 11 (+20) _— _— —
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was encouragi ngtofindthat theseindependently obtained estinates
were very simlar to one another. W chose to use theaverage of
the two (9850 hours) as our best estimate of total tributary fish-

ing pressure during thel983 fishing season. Using an average of
3.04 hours per conpleted tributary fishing trip, this equated to
3,240 angl er-days.

Creel clerks interviewed 50 fishing parties that had fished on
at least 17 different tributaries wthin the stud?/ area durinE
1983.  Mbst (47% of the parties fished specifically for broo
trout while 49%fished for trout in general or "any fish" and 4%
fished for cutthroat trout. No tributary fishing parties reported
fishing exclusively for bull trout. Eighty-six percent of the
parties were fromthe three local counties and another 12% were
out-of -state residents or Canadians.

Brook trout conprised alnmost all (91% of the tributary
harvest (Table 17). The estimated harvest of 9653 fish was nore
than four tines the harvest estimated for the entire Swan River
even though estimated tributary fishing pressure was only 60% of
river pressure. Results of the tributary creel survey are in
Leathe et al. (1985a).

HYDROLOGY AND INSTREAM FLOW NEEDS

Suitable flow records for the water year Cctober 1, 1983
through Septenber 30, 1984 were obtained for five creeks (Piper,
Cold, Soup, Lion, and Squeezer) where small hydro sites were pro-
posed. Problems with calibration and operation of the gage on the
South Fork of Lost Creek precluded detailed hydrol ogic analysis for
this stream Piper Creek was chosen as an exanple for this dis-
cussion since it's hydrologic characteristics were intermediate
and, in many respects, representative of the other sites where
detailed measurenents were nmade. Detailed information for the
other sites may be found in Leathe et al. (1985a).

Streanflows in Swan tributaries are greatest during the early
sunmer months and depend on the anount and rate of snownelt in
these mountai nous watersheds (Figure 9). For four of the gaged
streans, 74-75% of total annual water yield for the 1983-84 water
year occurred during the four nonths of April through July. Flow
responses were slightly delayed and noderated in the fifth stream
(Col d Creek) where 68% of total annual water yield occurred during
the four nonths of My through August. Al though not quantified,
avai | abl e evidence suggested that streanflows in the Swan drainage
during the 1983-84 water year were fairly typical (if not sonmewhat
| ow) in conparison to nost years.

A single inflection point at 9.0 cubic feet per second (cfs)
was identified on a conposite wetted perimeter versus discharge
curve for three riffle-run cross sections on upper Piper Creek
(Figure 10). This was selected as the reconmended m nimum flow by
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Tabl e 17.

Catch rate, size, and estimated total harvest of the
four fish species caught in tributaries in the Swan
River drainage at or above Swan Lake during 1983.

Catc Aver age Length  Nunber
_ Estimated rate | engt h range of fish
Speci es harvest & (fish/hr.) () (mm)  measured
Brook trout 9,653 1.53 207 115- 405 11
Rai nbow t rout 394 0.05 133 133-133 2
Cutthroat trout 2% 0.07 189 150- 219 3
Bul | trout 296 0.07 172 135-214 6

@/ Harvest estimate derived usi ng 9850 hours of fishing pressure.

5 |ncludes fish that were subsequent |y rel eased.
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all three resource management agencies invol ved (MFW, USFS< and
U S. Fish and WIldlife Service) since | osses in wetted perineter
(anmount of wetted stream bottom) accelerated rapidly as flow was
reduced bel ow 9 cfs. Thewettedperimeter technique for identi-
fying recommended m ni mum streanflows is predicted on the concept
that as wetted perineter drops below an optimal [evel (defined by
an inflection point or points), the ability of the streamto sup-
port desirable levels of trout abundance is dimnished (Nelson
1984).  Reduction of wetted perimeter in riffle areas is believed
to index |osses in food production area, bank cover, spawning area
and fry rearing habitat.

Nel son (1980) concluded that the wetted perineter nethod pro-
vided acceptable absolute mninum flow recommendations for five
reaches on “blue ribbon" trout rivers in Southwestern Mntana for
which long-termtrout popul ation and discharge data were available.
However, further investigation will be required to determne the
validity of this technique for determning reconmended m nimum
flows for small high-gradient mountain streans where mcro-hydro
projects are typically proposed.

For reasons of sinplicity and enforceability, a single year-
round mnimum flow was selected for each proposed project. Since
the projects would not divert a significant portion of runoff
flows, separate "high-flow reconmendations” to provide nornal
flushing and channel maintenance functions were judged unnecessary.
Conpl ex seasonal recomrendati ons or recomendations devel oped for
different flow years (i.e. drought, normal, and high flow years)
were consi dered counterproductive because they mght be difficult
for operators to follow and would be nore difficult to enforce.

A conflict arose between prospective snmall hydro devel opers
and resource managenent agencies regarding water availability
because nost streans in Mntana's nountai nous watersheds are
typically at base flow conditions during nost months of the year
(Figure 9). Mninmuminstream flow reconmendati ons for Swan tri bu-
taries usually anounted to the 56th to 76th percentile flows
(Table 18; Figure Il), meaning that excess water would be available
for other purposes for 56 to 76%of the time. |In one extreme case
(Squeezer Creek) excess water would only be available for 36% of
the year. Prospective hydro devel opers protested that instream
flow requests were inordinately excessive and often exceeded the
amount of water normally flowing during the low flow period (Figure
9). The economcs of project development dictated that power
production (and concomtant seasonal dewatering of diversion zones)
woul d have to occur on a year-round basis in order for the oper-
ations to be profitable.

Resource management agencies generally selected a relatively
high (upper inflection point) mnimmflow recomendation because
fishery resource values in nost cases proved to be high. Mny of
the project areas supported popul ations of westslope cutthroat
trout (a species of "special concern' in Mntana) or provided
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Table 18. Conparison of reconmended mini numflowwth nean annual
flaw and percentile flows for five gaged tributary
streans i n the Saan Ri ver drai nage.

Recommended Per cent .
Mean annual minimum of nean Percentile

Or eek flow(cfs)  flow (c£s)®  annual flow fI ow
Col d 46. 6 23.0 49% 65
Li on 58.9 15.0 25% 76
Pi per 23.5 9.0 38% 56
Soup 10. 4 4.0 38% 60
Squeezer 20.4 11.0 54% 36

a/ Based on wetted perimeter measurements.
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spawni ng and rearing habitat for mgratory bull trout. Had the
resour ceval ues been lower, lower mnimm flow recomrendations
could have been justified.

Recommended mninum flows for the five gaged Swan tributaries
were conpared to hydrologic data to determne if suitable mninum
fl ow recomendations could be nade based only on available hydro-
logic information. The results of these conparisons were mxed and
indicate that only prelimnary estimtes could be made in lieu of
field nmeasurements. On the average, recomended m ni num fl ows
amounted to about 41% of mean annual flow but this factor varied
bet ween 25 and 54% (Table 18). Recomended m ni num fl ows were
approxi mated by the 58th percentile flow on average, however the
range was wide (36 to 76 percentile; Table 18). The onm ssion of
the Squeezer Creek data resulted in an average mni numfl|owrecom
mendation that corresponded to the 64th percentile flow

The conflict over water availability in nountain streans
during the low flow period (particularly the w nter nonths)
pronpted the MOFWP to conduct a review of available literature
concerning winter conditions and trout habitat requirenents in
smal | mountain streans in order to develop a policy concerning
winter flow depletions. This review exposed an urgent need for
nmore information and al so identified winter streanflow and rel ated
habitat conditions as a critical factor that regul ates trout popu-
lations in these streams (Mntana Departnent of Fish, Wldlife and
Par ks 1984a). Avail able evidence indicates thatsubstantialand
even catastrophic flow fluctuations often occur naturally in moun-
tain streams during the winter nonths due to the accum ation and
subsequent di spersal of anchor ice, resulting in sequenti al
flooding and dewatering of stream channels gwhciolek and Needham
1952, Reiners 1957, Needham and Jones 1959, and Butler 1979).
These sudden changes can cause substantial nortality to fish and
other aquatic life by stranding, freezing, and crushing or suffoca-
tion fromcollapsing snow and ice

Because it was concluded that wi nter dewatering for power
production woul d only aggravate existing harsh conditions, the
MDFWP adopted a policy in Novenber of 1984 that prohibits water
W t hdrawal from Mntana' s unregul ated nountain streans during the
winter nonths (Novenmber through March). This policy (Mntana
Departnent of Fish, WIldlife and Parks 1984b) is to remain in
eftect until research information proves otherw se, and it does not

apply to:
1) Regul ated streans

2) Streams with no fish popul ations or
wi t hout recreational potential, and

3) Streams with marginal fish

popul ations where adverse inpacts
can be mtigated.
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SEDI MENTANALYSI S
Existing Si .

Natural sediment |oads estimated for individual reaches of
Swan River tributaries were roughly proportional to drainage basin
size and varied from24 to 7764 tons per year. Road construction
and mai ntenance accounted for the majority of man-induced sediment
| oads to streams. In 1983, roads produced an estimated 0.2 to
223.2 tons of sediment in study reaches, representing an increase
of 0 to 114% over natural sedinent loads. Sedinment related to
clearcutting was estimted at 1.1 to 397.1 tons for 1983, or 0 to
48% over natural sedinent. Stowell et al. (1983) reported in-
creases in sedinent %ields up to 375%over natural levels for |daho
wat ersheds that had been roaded and | ogged.

Sedi nent | oads from roads and |ogging expressed separately as
percent increases over natural levels for individual reach basins
were significantly (p<O @) related to streanbed fines (Table 19)
and substrate score (Table 20). However, when sediment increases
fromroads and |ogging were used as separate independent variables
inamltiple regression along with streamgradi ent, |o0gging-
rel ated sedi ment becane non-significant (p>0.0) in explaining
streanbed variability (Tables 19 and 20). Also, total sedinent
increases due to roads and logging were less closely correlated
with streanbed condition than was road sediment alone. Therefore,
the significance of |ogging sedinment is probably due to an indirect
relationship: tinber harvests are associated with road construc-
tion. Al other variables tested were either nonsignificant
(nunmbers 1 through 5 on page 30) or did not produce higher correla-
tion coefficients.

G her studies have also found roads to be the major source of
sedi ment produced during tinber harvesting (Fredricksen 1970,
Megahan and Kidd 1972, Rce et al. 1972, Anderson et al. 1976
The estimtion of sediment produced fromroads is relatively
straightforward. Sedi ment associatedwth |ogging, however, is
nmuch nore difficult to estimate because assunptions nust be nmade
regarding shape of cutting units, density of roads and skidtrails,
location of log landing sites, type of yarding equi pnent used
treatnent of slash, and fireline requirements. For the nost part,
ground disturbed during tinmber harvest revegetates quickly. — Mss
soi | movenents caused by changes in soil hydrology and | oss of root
cohesion after tree renoval have been reported in other regions
(Swanston 1970, Swanston 1974, De Graff 1979) but are not comon in
the Swan basin.

In a final attenpt to develop a significant multiple re-
gression conponent for |ogging-related sediment, coefficients were
revised to nmodel ground disturbance fromskidtrails only. Skid-
trails can function as tenporary extensions of the road system and
are likely to be the nost inportant source of sediment during
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Table 19. Regression parameters for relationships between streambed fine sediment (O-6.4 mm)
levels and various environmental variables for tributaries in the Swan River drainage.

Coefficient

Dependent ) of
variable  Independent variable(s) Significance Slope Intercept determination
Percent Percent increase sediment p=0.000 0.84 14.33 0.50
fines over natural due to

roads in reach basin
Percent ~ Percent increase sediment p=0.000 0.81 18.76 0.24
fines over natural due to

logging in reach basin
Percent  Stream gradient p=0.001 -1.98 33.39 0.22
fines
Percent Percent increase sediment p=0.000 0.72 21.84 0.58
fines over natural due to

roads in reach basin

Percent increase sediment p=0.814 0.05

over natural due to

logging in reach basin

Stream gradient p=0.013 -1.18
Percent  Percent increase sediment p=0.000 0.74 21.99 0.58
fines over natural due to

roads in reach basin

Stream gradient p=0.009 -1.21
Percent Percent increase sediment p=0,000 0.59 30.66 0.42
fines over natural due to

made — reach basin plus
routed upstream sediment

Stream gradient p=0.000 -2.13
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Table 20.  Regression parmeters for relationships between streambed substrate score and various

environmental variables for tributaries in the Swan River drainage.

Coefficient

Dependent of
variable Independent var iable(s) Significance Slope Intercept determination
Substrate Percent increase sediment p=0.000 -0.09 13.06 0.50
score over natural due to

roads in reach basin
Substrate Percent increase sediment p=0.000 -0.09 12.61 0.25
score over natural due to

logging in reach basin
Substrate Stream gradient p=0.000 0.24 10.86 0.28
score
Substrate Percent increase sediment p=0.000 -0.08 12.07 0.61
score over natural due to

roads in reach basin

Percent increase sediment p=0.781 -0.01

over natural due to

logging in reach basin

Stream gradient p=0.002 0.16
Substrate Percent increase sediment p=0.000 -0.08 12.05 0.61
score over natural due to

roads in reach basin

Stream gradient p=0.001 0.16
Substrate Percent increase sediment p=0.000 -0.07 11.17 0.50
score over natural due to

roads — reach basin plus

routed upstream sediment

stream gradient p=0.000 0.26




timber harvesting. However, this refinement of the |ogging sedi-
ment analysis failed to produce any significant results.

When natural and nman-induced sediment |oads from upstream
reaches were added directly to the totals for each reach, the
rel ati onship between sedi nent increases and streanbed condition
weakened. Furthernore, as a separate variable in regression
anal yses, increased upstream sediment itself was not significant
(P>Q(B). Al t hough upstream sedi ment | oading woul d be expected to
arfect downstream habitats, the dynamcs of sedinent routing becone
more conplex with greater distance from the source. A nultitude of
nor phol ogi ¢ and hydrol ogic variables affect the rate and quantity
of sedinent delivery to downstreamreaches (Dietrich et al. 1982).

The technique for routing sedinent described by Cine et al
(1981) did not require site-specific data and provided an al ternate
means of incorporating upstream sedinent in the regression
analysis. Results given in Tables 19 and 20 show that percent
sedi nent increases which include a routed portion of natural and
road-rel ated sediment from upstream reaches were significantly
(p<0.C6) related to streanbed condition. Coefficients of deter-
mnation were somewhat |ower than those for regressions using only
i ndi vidual reach basin sedinent.

G adient of the reach itself was a significant (p<O ()
variable in all regressions of percent sediment increase over
natural with streanbed condition (Tables 19 and 20). Logarithmc
transformation of stream gradient inproved the fit of regression
equations. This was not unexpected since changes in channe
gradi ent have a large influence on sedinment transport at |ow
gradients but becone |ess inportant at higher gradients. Fina
equations used for sediment nodeling are given on page 74.

It is interesting that sedinent |oads expressed as a percent
increase over natural |evels showed the strongest relationship with
streanbedcondition. The results suggest that nost sediment from
natural erosion is transported out of these streans. According to
Megahan (1979), sedinent transport capacities of | ow order nountain
streams In undisturbed watersheds tend to exceed sediment supplies.
Devel opnent can potentially increase sedinent |oads to |evels which
exceed stream flushing capacities. At this point, deposited sedi-
nment would begin to degrade stream substrates and inpair fish
producti on.

Potential Sources of Mo Eror

Asubst anti al amount of wvariation in streanmbed conposition
among reaches cannot be expl ained by our regression nodels. The
best-fit regression produced an val ue of 0.61 (Table 20),
| eaving 39% of the substrate score variation unaccounted for.
Al though coefficients of determnation were relatively high for
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these sinple watershed nodels, likely error sources should be
ment i oned.

Hydrol ogi cal [ y-inportant factors that were omtted from the
anal ysis constitute a source of "external" error. Annual precipi-
tation rates as well as episodic events, i.e., storms and floods
have major influences on sedinent-transport processes but are
difficult to incorporate into watershed nodels (Cederholm et al.
1980, Megahan 1981, Kelsey 1982, Lehre 1982, Swanson et al. 1982h).
VW did not attenpt to nodel these effects. Likew se, we were not
able to specifically quantify in-channel sedi ment storage capacity,
whi ch varies widely anmong stream reaches and plays a major role in
sedi ment dynam cs (Lehre 1982, Madej 1982, Megahan 1982). And
finally, the technique for routing sedinment to downstream reaches
was chosen for its sinplicity and provides only a coarse approx-
imation of a conplex process.

Techni cal m stakes and violations of assunptions used in esti-
mating sediment yields can be considered "internal” nodel errors.
Landt ype- based sedi ment nodel s are vul nerabl e to mapping error and
aredependenton the use of average erosion rates. Wthin |and-
types, natural variation in erosional processes and instance of
mass wasting can produce considerably nore (or |ess) sedinent than
predicted. Al though landtypes are distributed around stream
channels in a characteristic pattern, the actual distances from
specific parcels of land to a stream channel vary greatly, both
wthin a landtype unit and between units of the sane |andtype.
This results in different sediment delivery efficiencies which are
not accounted for in the nodel

Coefficients for estimting road-related sedinent are also
subject to error fromlimted sensitivity to streamproximty.
These coefficients represent average rates of erosion from typica
road construction and maintenance activities; the unique aspects of
individual projects are not considered. Furthernore, each road
segment nust be assigned a specific year of construction to deter-
mne its recovery status, despite the factthata section of road
may require more than one year to conplete. Additional error may
stem from the averaging of sedinent produced over estimated main-
tenance cycles for collector roads. Sedinent yields during the
year after a major maintenance project would be nuch higher than
the average val ue.

Prediction_of Future Impacts

Because theY enabl ed us to best eval uate downstream cunul ative
effects of devel opment, the follow ng regression equations were
chosen to predict changes in stream substrate conditions in the
study reaches:
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percent fines = 34.18 + 0.55(X;) - 24.80(X,) R%=0.49
(O-6.4 mm)

substrate score = 10.81 - 0.06(Xy) + 2.91(X,)  R2=0.56
where X = percent increase in sedinent over natural |evels, and
X5 = logjq streamgradient.

These relationships are depicted for four exanple stream gradients
inFigures 12 and 13.

Expect ed sedi nent increases due to road devel opment as well as
m cro-hydro devel opnent were eval uated. Sediment from upstream
reaches was included using the Cine et al. (1981) routin?
techni que. Sedinent fromeclearcutting was not predicted because o
the non-significance of |ogging sedinent in nultiple regressions.

| MPACT EVALUATION CRITER A

One objective of this project was to devel op guidelines and
criteria that could be used to evaluate the potential resident
fishery inpacts that may result fromthe construction and operation
of mcro-hydro projects in small nountain streans. The successf ul
conpletion of this objective would require that field measurenents
be nmade at one or nore hydro projects during construction and
operation so that appropriate inferences coul d be nade. Since no
projects were constructed in the study area during the period of
Investigation, our ability to collect on-site nonitoring inform-
tion was limted. Consequently, rather than identifying specific
guidelines and criteria, the follow ng discussion describes what
were judged to be the nost inportant factors to be considered in
evaluating the inpacts of small hydrodevel opnent, the relative
i nportance of these factors in the Swan drainage, and how they were
addressed in the cunul ative effects analysis. \Wen possible,
potential guidelines and evaluation criteria are presented al ong
Wi th supporting references.

Fi sh Species and Life H story

The species conposition, life history, and population density
of fish comunities in areas influenced by small hydro projects are
primary factors to be considered in inpact analysis. Bull trout
were chosen as the principal species of concern in this study
because of their mgratory nature (dependence upon tributary
streans for spawning and rearing and on Swan Lake for growth to
maturity), their ability to attain trophy size (in excess of 30
Inches total length), their inportancetothe Swan Lake and Swan
River fisheries, and their substantial use of project streams. Cur
results indicated that nore than 60% of the entire popul ation of
juvenile bull trout in the tributary systemwere found either
within or downstream from proposed small hydro projects.
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West sl ope cutthroat trout were of |ess inportance in this
anal ysi s because of their restrict& distribution in the drainage,
lack of significant mgratory runs, and snall contribution to the
sport fishery. However, this species inhabited many of the pro-
posed smal | hydro diversion areas and was inmportant froma genetic
st andpoi nt hecauseof its status as a species of special concern in
Montana.  Electrophoretic anal ysis of cutthroat fromthree project
streanst hatwere considered likely to support genetically pure
west sl ope cutthroat reveal ed that two of the streams (G oom and
Sixmle creeks) did contain pure Eopulations whereas the cutthroat
fromthe other stream (Soup Creek) had hybridized with introduced
Yel | owst one cutt hroat trout. W suggest that electrophoretic tests
be made to identify the genetic makeup of cutthroat trout found in
proposed smal | - hydro project areas where westslope cutthroat trout
are suspected to be present and where the preservation of this
subspecies is a priority. It was somewhat surprising to find
relatively dense cutthroat populations (70 tol50 fish 75 nm and
| onger per 300 neters) in streams having quite steep average
channel gradients (17 to 23%.

Brook trout were considered a low priority species in this
anal ysi s because of their limted distribution within project areas
and their apparent tol erance of heavily sedinented streamreaches.
Only about four percent of the total estimated tributary brook
trout popul ation was found within proposed diversion areas while
about one-third was foundi nreachesdownst r eamf r onpr oposedhydr o
sites.

Detailed life history information for fish SEecies of interest
is needed to fully evaluate the effects of small hydro devel opnent.
Basic life history patterns (resident versus mgratory) wll deter-
mne the scope of potential inpacts since effects on resident
speci es woul d be more |ocalized than those on migratory species.
Timng of spawning, size of spawning fish, and (for mgratory
speci es) the size of en1?rat}ng smolts and the timng of snolt
mgration are inportant life history characteristics.

Dewatering

~The potential dewatering of thousands of feet of streamis a
critical 1ssue to be addressed when evaluating the inpacts of high-
head smal| hydro devel opment on nountain streams. A serious con-
flict concerning water availability during the |ow flow period
(September through March) was identified during the consultation
process for proposed Swan £rojects. Econoni ¢ and engi neering
feasibility studies conducted by the prospective devel opers indi-
cated that the hydro projects would be profitable only if they
could be operated on a year-round basis. In some cases portions of
streams would be totally dewatered to facilitate power production,

especially during the winter. This was of concern because if al
20 proposed projects were constructed, approxi mately 100 km of
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tributary streans (13%of the total tributary systenm) would be
susceptible to dewatering inpacts. This would inpair carrying
capacity for all trout species and also affect the incubation
success of fall-spawning brook and bull trout.

I nstream flow reconmendati ons derived using the wetted peri-
nmeter technique usually anmounted to the 56 to 76 percentile flowin
Swan tributaries. Consequently, nost projects would be able to
operate for sixtonine nonths of the year and woul d have to shut
down during periods when naturally occurring low flows are con-
sidered critical to the preservation of aquatic life.

W attenpted to develop a general model that could be used to
redict the effects of incremental flow reduction on trout popu-
ations within proposed diversion areas, using information obtained

by Randolf and Wiite (1984) on a trout streamin sout hwestern
Mntana. In that study, water |evels and rai nbow trout popul ations
were mani pul ated and nonitored to determne the relationship be-
tween trout popul ation density and changes in wetted perineter and
other habitat variables. Randolf and Wite (1984) provided genera

support for the use of the wetted perimeter technique in small

streans, although enough variability was observed between experi-
mental stream sections to preclude the devel opment of a neaningful

dewatering inpact nodel that could be used in this analysis.

Fi sh popul ation response to streanflow alterations is |ikely
species specific and dependent on the anmount and types of habitat
present in each stream section. Consequently, a technique such as
| FIM (I nstream Fl ow I ncrenental Methodol ogy; Bovee 1982) that
directly quantifies amounts of fish habitat may be nore appropriate
for predicting the effects of flow reduction on trout habitat.
However, the popul ation responses of target fish species to changes
in anounts of suitable habitat need to be quantified.

Qur inability to predict fish popul ation responses to incre-
nental dewatering does not appear to seriously affect the validity
of this cumulative inpact analysis. Consultations wth devel opers
have indicated that assunption of total dewatering of diversion
zones at sone point in time during the |low water period is
realistic, due to the marginal economcs of project devel opment.

Upstream Passage

Measures to provide suitable upstream passage conditions for
mgratory and resident fish include the provision of adequate
passage flows as well as the installation of fishways at diversion
sites. Mgrating adult bull trout in the Swan drainage utilized
proposed diversion reaches having average channel gradients of u
to six percent but limted spawning and rearing use by these fis
was observed upstream from proposeddi versi onpoi nts. Upstream
novements of juvenile bull trout and resident cutthroat and brook
trout inhabiting many proposed hydro project areas on Swan tribu-

78



taries were likely limted by the small size of these fish and the
presence of natural hydraulic features. As described previously,

cur novenent information for residentcutthroattroutinaproposed
diversion area on Soup Creek (11% gradient) suggests that net
movenents were extrenely linmted, usually on the order of 150
neters or less. Significant seasonal novenents were not detected

but nay exist in other streans.

Most upstream fish passage facilities for Swan hydro projects
woul d therefore need to be designed to accommodate |ocalized nove-
nents of small resident fish. Vertical slot fishways may be best
suited t0 these small streams since they acconmodate a w de range
of flow conditions without the need for adjustment (Britis
Col umbia Mnistry of Environnment 1980). However, it is difficult
to make specific recommendations because no fish |adders have been
constructed and evaluated on small streams in northwestern Montana.
Desi gn consi derations for various fishways are available in a
handout published by the National Marine Fisheries Service
(undat ed) and may al so be found in Hldebrand (1980).

Downst p ) Turbine Mortali

Fish screening devices should be installed at diversion sites
where necessary to prevent nortality or injury to juvenile or
resident salnonids mgrating downstream Reconmended screen nesh
size depends on the size of downstream ni ratin% fish. Screen

e

openi ngs of no nore than 0.125 inch (3.2 in the narrow direc-
tion are recormmended for fry (<59 nmmtotal Iengtq), wher eas
openings of 0.25 inch (6.4 are reconmended for fingerlings

(>60 mm National Marine Fisheries Service 1982). Screen openings
of no nore than 0.10 inch (2.5 m) are specified by the British
Col unbi a M ni stry of Environnent (1980). Mbst juvenile migratory
west sl ope cutthroat and bull trout in the Flathead drainage eni-
%rate as one to three year old fln%erllngs (Fraley et al. 1981%
ence screen openings of no nmore than 0.25 1nch (6.4 mm should
prevent entry of these fish into penstocks.

Turbine mortality would likely be very high for fish entrained
at small high-head hydro projects since nost would use inpulse
t urbi nes (Pelton wheel s) propelled by high speed water jets
directed through small dianeter high pressure nozzles. Turbine
nortality was not consider& to be a potentially serious problemin
Swan tributaries since the use of areas %Fstreanlof proPosed
diversions by mgratory fish appeared limted and resident fish
nmovements were localized. Criteria describing approach velocities,
screen material, screen location, and required anounts of wetted
screen are detailed by the National Marine Fisheries Service (1982)
and B.C. Mnistry of Environment (1980). Various designs for
screening facilities are described in the latter publication
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Sediment

The construction of access roads, penstock routes, diversion
structures, transmssion lines, and powerhouses may result in the
addition of significant amounts of fine sedinent to streans.
of these facilities would be constructed in steep terrain either in
close proximty to or (in the case of diversion structures) wthin
the stream channel itself. Mbst projects proposed in the Swan
drai nage woul d have buried penstocks which would require the
clearing of about a 15 to 20-foot right-of-way for pipe burial. In
many cases these right-of-ways woul d become service roads to majn-
tain and repair diversion structures and penstocks. The potential
cunul ative effects of sediment production resulting from snall
hydr odevel opnentwas a grinary concern of this study. Detailed
descriptions of the problem and how it was eval uated nay be found
el sewhere in this docunment.

To reduce sedinmentation problenms, adequate buffer strips
shoul d be mai ntai ned between penstock routes, roads, and the
stream Penstock routes shoul d enpl oy existing roadways when
possi bl e and disturbed areas should be nulched and revegetated as
soon as possible to achieve stabilization. Steep slopes can be
covered with woven cloth mesh material to accelerate the revegeta-
tion and stabilization process and filtering cloth can be installed
incritical areas to intercept fine sedinent fromrunoff water

The potentially catastrophic effects of penstock rupture and
resul tant streanbed sedinentation could be reduced by the in-
stallation of an automatic shutoff device at the diversion point.
Diversion structures should also be designed and constructed to
automatically pass a guaranteed m ninum flow and al |l ow nor nal
streambed| oad novenent to occur. This would obviate the need for
periodi c dredging or flushing of accunul ated streanbed material,
which can detrinmentally affect aquatic biota. Conceptual designs
for diversion structures having these features are presented by
Mont ana Departnent of Fish, Wldlife and Parks (1984).

Temperature Alterations

Alteration of normal thermal reginmes could occur wthin and
bel ow diversion areas as a result of transporting water downslope
over considerable distances in a buried pipeline before returning
it to the stream Summer water tenperatures within dewatered
reaches could be elevated due to decreased flows and water velocity
and al so because of reduced shadin% by riparian vegetation.
Simlarly, winter ice conditions could becone nmore severe in diver-
sion reaches if water is withdrawn for power generation. The
winter icing problem would be aggravated by artificial flow fluc-
tuations that result from periodic naintenance, adjustment, and
repair of h%dro project facilities. Sudden flow increases during
winter nmonths could dislodge and transport ice, causing excessive
streanbed scouring which may affect incubation success of the eggs
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of fall-spawning fish species (such as bull and brook trout) and
overwinter survival of all resident fish. Downstreaminfluences of
t enperature changes woul d vary dependi ng upon the season and the
proportional amount of water that is diverted. Hydro diversion
returns could result in downstream waters that are cooler in the
summer and warner in the winter.

Vater tenperature conparisons were made at two operating smal
hydro projects in northwestern Mntana during late sunmer to gain
an understanding of the magnitude of tenperature change one m ght
expect as a result of project operation. Water tenperature alter-
ations were relatively mnor at the Addition Creek hydro project
where daily maxinum water tenperatures were often increased during
transit through the penstock (Appendix A-3). However, it was sub-
sequent|y discovered that this phenonenon may have been caused by
discharges froma water heater that was installed in the powerhouse
to consume excess electricity. This situation did not exist at the
Wi tefish hydro project, where maxi mum and m ni mum daily wat er
tenmperatures were reduced an average of at least 4.5 and 3.5
degrees Farenheit as a result of diversion through the 12,500 foot
penst ock (Appendi x A-4).

Because of a lack of detailed site-specific nmonitoring in-
formation concerning the effects of small hydro operation on
thermal reginmes, it was not possible to incorporate this factor in
our analysis in a quantitative manner. Froma qualitative stand-

oi nt however, sone i nferences can be nade using the limted in-
ormation available. A significant negative relationship/(r=
.45) was observed between maxi mum summer water tenperature and
juvenile bull trout density in 26 Swan tributary reaches that
supported bull trout. This type of relationship has been observed
el sewhere (Pratt 1984a) and suggests that cool hydro diversion
returns may inprove downstreamrearing conditions for juvenile bul
trout. However, the lack of significant correlations between water
tenperature and cutthroat and brook trout density suggests that
these species would not benefit from cool er water tenperatures.

~In diversion zones, small increases in water tenperatures
during the summer as a result of dewatering may be detrinental to
juvenile bull trout. Such an increase in diversion zone water
tenperatures was not observed at the Addition Creek project
(Appendi x A-3) but may occur at other projects having different
aspects, riparian shading, meteorological conditions, diversion
| engths, or operational characteristics.

Gas Saturation
The results of limted neasurenents of total gas saturation
made at two small hydro projects operating in northwestern Mntana

suggest that this is a potential problem warranting further inves-

tigation. No evidence of gas supersaturation was found during on-
site investigations nmade at the Addition Creek project during
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normal operation on 23 August and 28 Septenber, 1984. Simlarly
not hing unusual was noted at the \Witefish project on 24 August.
However, on 28 September total dissolved gas saturation was 123%
énnEdLater bel ow the powerhouse, but only 101% at each of the two
i versions.

It was originally believed that the most |ikely cause of gas
supersaturation at high-head small hydro projects would be air
| eaks into the penstock systemor at the turbine in the powerhouse.
However, neasurements made at the Addition Creek project and on the
first occasion at the Witefish project indicate that this did not
normal |y occur. Conversations with the operator (Jeff Jordan,
Hydro Managenent, 1Inc.) of the Witefish hydro project led to the
conclusion that the high gas saturation value observed in |ate
Septenber was due to an adjustment in project operation made a few
hours prior to the measurement. This adjustment involved reducing
the flow of water through the turbine %by reduci ng nozzl e diameter)
inorder to raise the water [evel in the penstock and thus increase
the effective head. A?parently, air pockets were trapped in the
penstock during the tilling process and air was driven into
spluﬁion under pressure as these pockets were carried through the
pi pel i ne.

Because the incidence of gas supersaturation appears to be
strongly related to project operation, one would expect the problem
to vary considerably between projects and on a seasonal basis at a
given project. Gas supersaturation would |ikely be nore common at
projects | ocated on "flashy" streams where fluctuating hydrographs
dictate freguent adjustnent of the facility to maintain opti num
power production. Simlarly, nore problems would be expected at
projects where design flaws necessitate frequent shut-downs (pen-
stock draining and subsequent refill) to facilitate repairs and
mai ntenance. On a seasonal basis, one would expect fewer problens
during high water periods when projects would [ikely run at a peak
capacity at all tinmes and, if designed as the Swan projects were
proposed, would divert a relatively small percentage of the stream
flow In that case, supersaturated diversion waters would be
diluted appreciably upon return to the stream The problem woul d
be nore severe if it occurred during |ow water periods when a nuch
| arger percentage of the streamwould be diverted

The effects of gas supersaturation on fish are nost severe in
shal | ow water (less than one nmeter in depth) where fish cannot
achi eve depth conpensation to avoid gas bubble disease (Weitkanp
and Katz 1980). Because of this fact, Thurston et al. (1979)
recommended that total gas pressure not exceed 105%in shal |l ow
water areas, less than 60 cm deep. Potential gas supersaturation
s a concern when evaluating small hydro projects because nost are
| ocated on small streanms (seldom nore than one neter deep) that
of ten support poPuIations of juvenile fish that typically select
habitats 1n shallow water along stream margins. Intformation from
Dawl ey and Boel (1975) and Ebel (1973) indicated that 50% nortality
of juvenile chinook salmon occurred In 27 and 14 hours in shallow
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wat er having 120% and 125%total gas saturation, respectively,
while 50% nortality of juvenile steelhead trout occurred in 33 to
114 hours under these same conditions. However, the effects may be
mtigated if this exposure is intermttent (Witkanp and Katz
1980&, as it nar be bel ow smal| hydro projects. The installation
of boul der splash basins at powerhouse outfalls and caref ul
(possibly automated) operation of projects to mnimze water |eve
fluctuations within penstocks coul d potentially prevent gas super-
saturaticnprobl ens.

AMULATT VE | MPACT ANALYSI S

The two environnental effects of mcro-hydroelectric devel op
ment that were considered nost inportant to fish in this analysis
were dewatering of diversion zones and sedimentation of stream
substrates. These, then, were the factors used to predict response
of fish populations to various levels of hydroelectric devel opnent.
Qther potential inpacts, such as those in the previous discussion,
coul d assume greater inportance in other aquatic systens.

Dewatering

Two strategies of power plant operation were nodel ed. The
first strategy provides a mninuminstream flow (VWETP net hod)
t hroughout the stream sectionbypassed bytheProposed penst ock.
Al t hough aquatic productivity would likely decline as a result of
the unnatural flow reduction, no significant fish |osses were
predicted for stream diversion zones. Project operation was not
expected to inpair streamflushing power, since only a snal
fraction of peak flow would be diverted.

The second strategy of power plant operation would divert
nost, if not all, of the streanflowinto the penstock during the
winter [owflow period. Since there can be no guarantee that enough
wat er woul d be allowed to bypass the penstock to prevent dehydra-
tion or freeze-up of streamdiversion zones, conplete |oss of fish
habitat was assumed. And, because juvenile bull trout nust over-
winter at |east one year in rearing areas, these diversion zones
were considered lost to bull trout production. Furthernore, these
sections could not support resident cutthroat or brook trout during
the critical winter period when habitat is considered nost limting
to fish populations in small mountain streans (Mntana Departnent
of Fish, Wldlife and Parks 1984).

Sediment

Juvenile bull trout densities in the Swan drainage were found
to be negatively correl ated (r=-0.57) Wi t h percent streanbed fines
(06.4 m) and positively correlated (r=0.63; Figure 14) with sub-
strate score. In both cases, increasing sedinentation is
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log Y= 0.14X-1.39

n=26 r=0.63 P<0.001
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Figure 14. The relationship between average substrate score
and juvenile bull trout density (number of fish
75 mmand | onger per 100 square neters of stream
for 26 tributary reaches in the Swan River
drainage during 1982 and 1983.
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associated with decreasing bull trout abundance. As discussed
previously, substrate score was the most inportant variable in a
multiple regression nodel relating Luvenile bull trout density to
stream habitat characteristics. Qhers have reported that young
bull trout were strongly oriented to the streanbed and made ex-
tensive use of interstitial spaces in the substrate as hiding cover
(Giffith 1979, Aiver 1979, Pratt 1984a). Sedinentation reduces
interstitial space, thereby decreasing the quantity and quality of
habitat for juvenile bull trout. The detrimental effects of sedi-
ment on bul | trout sgamning success (Shepard etal. in press) may
also be a factor in the sedinment/bull trout relationship

Since the substratescore regressions provided a better fit
than the percent fines regressions, they were used to nodel the
effect of future developnent on bull trout populations. Increased
sedi ment production due to road and hydroel ectric devel opnent was
predicted for 1987 through 1991, as previously described. Indi-
vidual mcro-hydro projects and multiple devel opment scenarios were
nodel ed for their effect on substrate scores in bull trout rearing
reaches. Then, bull trout densities in affected streans were
predicted using the equation in Figure 14. Finally, population
estimates were made for all reaches supporting mgratory bull trout
by nultiplying predicted fish densities by reach areas.

These results were conpared with "baseline" bull trout popul a-
tions, that is, the theoretical potential of the streans in an
undevel oped state to produce bull trout. Baseline juvenilebul
trout populations in each rearing reach were estimted by first
assumng no increase over natural sedinent in the equation from
Figure 13. Resulting substrate scores were used in the equation
fromFigure 14 to predict bull trout densities.

In the follow ng discussions, it should be renenmbered that
sedi ment effects were predicted using a regression equation that
accounts for about 40% of the observed variation in juvenile bul
trout abundance. Cbviously, there are other factors regulatin
this fish population, such as annual flow conditions, nunber o
spawning adults, mgration barriers, and predation. However,
stream substrate quality is likely to be the habitat conponent
(other than flow) which is most significantly altered by devel op
nent of these watersheds.

Nei t her cutthroat nor brook trout popul ations in Saan R ver
tributaries showed a significant negative relationship with stream
& sedimentation. Qher studies, however, have docunented many
detrimental effects of sediment on stream sal noni ds (Reiser and
Bornn 1979). The limted distribution of westslope cutthroat in
the Swan drainage may have precluded our ability to detect a nega-
tive response to sediment. Cutthroat trout were IargeIK restricted
to high gradient, coarse-bottom streamreaches where other limting
factors may have overshadowed sedinent in inportance (e.g., wnter
severity, drought frequency, and cover). Brook trout, on the other
hand, appeared to be sedinent-tolerant and flourished in | ow
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gradient stream reaches where fine materials tend to accunulate in
the substrate. Consequently, the effects of devel opnent-related
sedi nent increases on cutthroat and brook trout popul ations were
not nodeled for this analysis.

[ ndi vidual Projects

Effect on Bull Trout

Predicted | osses of juvenile bull trout production due to
forest and mcro-hydroel ectric devel opnent are shown in Table 21
Onl'y those proposed projects which would affect mgratory bul
trout rearing streams are listed. These |osses are expressed as a
percentage of potential ("baseline"% bul | trout production under
pristine (undevel oped) conditions. The main purpose of Table 21 is
to conpare inpacts anong projects, but |osses cannot always be
sunmed to estimate the cumulative inpacts of several projects.
This is because sone projects affect the same bull trout rearing
areas and, if constructed, would share portions of their access
roads and transmssion line corridors. Therefore, sedinent inpacts
on bull trout would be less than the sum of individual project
| osses. Estimated |osses for the following two groups of projects
cannot be considered additive: Bet hal / Goat / Scout and Sout h
Woodwar d/ Sout h Wodward tri butary. The cumulative effect of
nul tiple project devel opment is nore thoroughly analysed in a later
section.

Each hydro project nust be evaluated in the context of con-
current devel opnent in the same drainage. Conbined sedinment in-
creases from hydro devel opnent and roadconstruction for tinber
harvest coul d cause unacceptabl e damage to individual stream
fisheries. Since the greatest inpact is expected to occur the
first year after project construction, five possible construction
¥ears_(1986-1990) were sinulated and | osses estimted for the

ol lowing year in each case. Although total trout |oss did vary
depending on year of construction, differences were small enough to
justify averaging the five first-year |osses for the purpose of
conparing projects

In the left half of Table 21, the percent loss of juvenile
bull trout in streams affected by each project is shown. These
figures are useful for evaluating the inpact of mcro-hydro
devel opment on individual stream populations of bull trout. Both
strategi es of power plant operation - instreamflow mai ntenance
and total dewatering - were nodeled. Loss due to all devel opnent
is shown as well as that portion due to mcro-hydro devel opnent
alone. Wth recomendedi nstream fl ows mai ntal ned, nostofthe
projects by thenselves would result in |osses of less than five
percent of affected bull trout populations. Piper Creek would
experience the greatest loss at about ten percent. However, with
addi tional sediment from planned forest devel opnent, estimted bul
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Tabl e 21.

Qumul ati ve per cent a?e | oss of potential juvenile bull trout
production due to forest and mcrohydroel ectric devel opment
(average year-after |osses for five possible construction
years: 1986- 1990 First nunber givenis loss dueto all
devel opment ; er in parenthesis is loss attributable
solelyto hydroprol ect devel opnent .

Percent age | oss of
Swan drai nage

Wth I,:lﬂ%l:!5

Percentage | 0ss in

With

diverl.'gion (?:a Sgtr glr g(rj] divetrs‘ion g% g |r c?g
Project stream zone zone zone zone
Bet hal 116 (29 116 (29 09 (0.2 0.9 (0.2)
Col d 210 (9.2 76.0 (642 2.2 (LO) 8.0 (6.8)
Goat 0.8 (21) 451 (36.4) 0.9 (0.2 3.7 (3.0
Li on 7.7 (37 13.6 (9.6) 1.3 (0.6 2.3 (L6)
N.F. Lost 9.2 (29 56.9 (50.6) 0.7 (0.2) 3.5 (3.0)
Pi per 20.4 (10.5) 842 (723) 15 (0.7) 5.6 (48)
Scout 11.3 (26) 113 (26) 0.9 (0.2 0.9 (0.2)
S.F. Lost 110 (30) 423 (343) 11 (0.3) 43 (3.5
S. Wodvar d 218 (9.4 241 (IL7) 17 (0.7 19 (0.9)
S Wodward trib. 142 (18 142 (1§ L1 (0.) 11 (0.1)
Squeezer 7.6 (23 370 (3L7) 0.5 (0.1 2.4 (20)
&/ |FR =instreamf| ow recommendati on.
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trout |osses would range up to 22%in Piper Creek and exceed ten
percent in most of the other project drainages.

|f diversion zones were dewatered as proposed, significant
amounts of bull trout rearing habitat would be affected. Losses
woul d increase dramatically for all but three of the eleven
projects listed in Table 21. ~Bethal, Scout, and Sout hWbodwar d
tributary projects would not dewater bull trout rearing areas.
Wth dewatering, hydro developnent could result in the |oss of 72%
of Fotentlal_bull trout production in Piper Creek and 64% of poten-
tial production in Cold Creek, two inportant rearing tributaries in
the Swan drainage. Wien sedinment from other devel opnent (road
construction) is considered, predicted |osses increase to 84%in
Piper and 76%in Col d Creek.

The relative inportance of each project streamto the Swan
bull trout fishery is indicated in the right half of Table 21.
Here, |osses are expressed as a percentage of the total migratory
bul | trouthroduction inthe Swan drainage. |f instreamflows are
mai nt ai ned t hrough diversion zones, nohydr oproj ect byitsel fwoul d
cause nore than a one percent |oss of the Swan bull trout fishery.
Even with additional sedinment fromforest devel opnent, the greatest
| oss predicted for a project stream Cold CGeek, would anount to
only about two percent of the total Swan drai nage popul ation

However, with dewatered diversion zones, project-related im
pacts woul d becone nore si?nificant. Up to about seven percent of
the Swan production of bull trout would be lost due to the Cold
Creek project alone, with eight percent |ost altogether because of
other road construction in Cold Creek basin. Qther projects woul d
individual ly cause losses of from0.1 to 4.8%of the mgratory bul
trout fishery, with total |osses ranging from0.9 to 5.6% when
forest devel opnent is included.

It is obvious that dewatering of diversion zones would have a
more serious effect on bull trout than would sedimentation.
Furthermore, sedinent-related |osses displayed in Table 21 shoul d
progressively decrease as ground di sturbed by construction
activities revegetates and sediment delivery to streanms dimnishes.
Annual dewatering, on the other hand, would result in a permanent
loss of bull trout habitat, the effect of which can be estimted by
subtracting colum 2 from4 and colum 6 from8 for each project in
Table21. Resulting bull trout |osses for individual projects
woul d range up to 62%in affected streams and up to 6% of Swan
product i on.

Effect on Cutthroat and Brook Trout

For cutthroat and brook trout, only the effects of diversion

zone dewatering were nodel ed. Existing popul ations woul d not be
expected to survive winter dehydration of freeze-up of these areas.
Losses based on 1983-84 popul ation estimates are given in Table 22
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Table 22. Percentage |oss of cutthroat and brook trout in the Swan
River drainage as a result of total dewatering of the
di versi on zones of proposed m cro- hydro proj ects.

Percentage lo0ss in Percentage 10ss in
—project streams —Swan _drainage
. cutt hroat Br ook Cut t hr oat Br ook
Project Stream trout trout trout trout
Bet hal 0 0 0 0
Bond 12.7 2.5 0.5 0
Cedar 56. 1 0 5.0 0
Col d 0 5.8 0.1 0.1
Coat 0 0 0 0
G oom 45. 8 0 1.7 0
Hal | 26. 1 16.2 1.2 0.2
Li ne 20.0 0 0.3 0
Li on 0 0 0 0
N. F. Lost 35.4 0 2.1 0
Pi per 36.8 45. 4 2.1 1.6
Por cupi ne 0 50.0 0 0.7
scout 0 0 0 0
Sixmle 20.0 0 0.8 0
Sou 90.5 5.9 2.4 0.5
S. Fp Lost 34.1 23.3 0.5 0.2
S. Wodwvard 0 7.4 0.3 0.2
S. Wodward trib. 0 0 0
Squeezer 0 6.2 &l 0.2
Yew 59.1 0 0.4 0
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for all 20 proposed projects. Percentage |oss of individual stream
fisheries would be substantial in many cases: up to 90%for cut-
throat trout in SouF Creek and up to 50% for brook trout in
Porcupine Creek. Single project inpacts would be [ess significant
interns of the entire Swan tributary sgstem Losses woul d range
up to 5% for cutthroat trout and 2% for brook trout.

Multiple Projects

Cunul ative effects of forest and mcro-hydro devel opnent were
anal yzed for the six nultiple-project scenarios described earlier.
In these hypothetical scenarios, construction of hydroprojects
woul d begin 1n 1986 and cul mnate by 1990 (see devel opment rates in
Table 4). Inpacts on fish populations would first occur in 1987
and peak by 1991

Effect on Bull Trout

As in the previous analysis, both instream flow and dewatering
operational strategies were evaluated for their effect on juvenile
bul | trout populations. Estinmated | osses (Tables 23 and 24) are
expressed as percentages of the total potential production of
mgratory bull trout in the Swan drainage. This provides a
standard basis for conparing various |evels of developnent and
eval uating significance of their effects on the fishery.

The effects of road construction for planned forest devel op
ment are shown separately in Tables 23 and 24 but nust be added to
each scenario's losses to estinmate total cunulative inpacts.
Timng of hydroproject construction and subsequent recovery of
di sturbed areas was accounted for and integrated with forest
devel opnent in the computerized sediment nodel. The full inpact of
an "increnental " scenario is not felt until after all designated
projects are built. In "imrediate" scenarios, however, all
designated projects are built in 1986 and the greatest inpact
occurs the next year - 1987.

Wth the naintenance of recommended instream flows in
diversion zones, increased sediment from project construction was
the only factor predicted to affect juvenile bull trout popul a-
tions. Losses associated with forest devel opment were estimated at
six to seven percent for 1987 through 1991 (Table 23).
(Using the sanme techniques, populations were estinated to be 6%
bel ow potential in 1984 due to forest devel opment.) Additiona
bull trout |osses due to hydro- devel opment woul d not exceed two
percent under any scenario except during 1987 for "noderate
| medi ate” and 1987-88 for "full immediate" (Table 23). The
greatest inpact would occur during 1987 under the “"full inmnmediate"
scenario (all20 projects constructed) when 10% of the potentia
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Table 23.  Percentage loss of total juvenilebull trout production
in the Swan drai nage due to forest devel opnent and
various | evel s of mcrohydroelectric devel opment, with
recommended mninmum flows i n diversion zones. See
Tades 4 and 5 for conplete description of devel opment
scenarios.  Construction is assuned to begin in 1986
under all scenarios.  Losses due to mcro-hydro arein
additionto those due to forest devel opnent.

. No. projects Impact years
Scenario developed 1987 1988 1989 1990 1991

Forest devel opnent 0 6.0 59 6.36.7 7.0

Lowi ncrement al 4 0.2 08 0.41.2 0.8

Lowi medi at e 4 1.8 11 0.6 0.6 0.3

Mbderate increnental 10 0.8 1.5 0.81.3 11

Moder at e i nmedi at e 10 2.7 1.7 0.8 0.8 0.4

Ful' | increnental 20 1.8 1.9 1.2 2.0 1.7

Full inmediate 20 4.4 27 1.3 1.3 0.6
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Table 24. Percentage | 0ss of total juvenile bull troutproductionin
t he Swan drai nage due to forest devel opnent and vari ous
| evel s of mcrohydroel ectric devel opnent, with dewatered
diversion zones. See Tables 4 and 5 for conpl ete descrip-
tions of devel opnent scenarios.  Construction is assumed
to begin in 1986 under all scenarios. Losses due to
mcro-hydro are in addition to those due to forest

devel opment.

No. projects Impact years

Scenari o devel oped 1987 1988 1989 1990 1991
Forest devel opnent 0 6.0 59 6.3 6.7 7.0
Low i ncrenental 4 2.1 6.8 6.4 13.3 13.2
Lowi medi at e 4 13.6 13.4 13.0 13.2 13.1
Moderate increnmental 10 6.8 13.6 13.0 14.0 14.0
Moder at ei medi at e 10 14.7 14.2 13.5 13.6 13.4
Full increnental 20 13.6 14.4 13.8 18.4 24.3
Full inmediate 20 26.1 25.2 24.0 24.2 23.5
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bul | trout production would be lost, with 4%of this |oss due to
hydroel ectric devel opnent.

Mul tiple-project devel opment woul d have a nuch nore signifi-
cant inpact on the mgratory bull trout fishery if diversion zones
were dewatered as is probable (Table 24). And, since dewatering of
rearing areas has nore serious consequences than does sedi ment
production, the phasing in of multiple projects offers only
tenﬁorary advant ages over all-at-once construction. Eventually,
both "incremental" and "immediate" scenarios for the same |evel of
devel opment woul d result in simlar fish |osses.

Wthout mninum flow naintenance, even a "low increnental”
scenario (four projects devel oped, one each year) would ultimtely
result in the loss of about 13% of juvenile bull trout production,
with an additional 7%/loss due to forest developnent. This repre-
sents a very significant cunulative loss of 20% the majority of
whi ch woul d be permanent. Dull trout |osses were relatively high
for a low level of mcro-hydro devel opment because three of the
four projects to be built would involve bull trout rearing streans.
These projects were ranked high due to developer interest, and it
Is likely that good winter flow conditions nade the streans
attractive for hydropower sites as well as optimal for rearing bul
trout.

A moderate |evel of hydroelectric devel opment (ten projects)
would ultimately result in only a slightly greater |oss of bul
trout than would a low level (four projects). The difference in
I npact between the two levels is mnor because onIY two of the six
proj ects added under noderate scenarios affect bull trout popula~
tions. It should be pointed out, however, that predicted fish
| osses for |ow and noderate devel opnent |evels are largely
dependent on the choice of projects, which in this study, was made
by the ranking process displayed in Table 5. Inpacts would vary if
different sets of projects were selected for these scenarios.

As expected, construction of all 20 proposed m cro-
hydroel ectric projects (full devel opment) w th subsequent de-
watering of diversion zones woul d cause substantial damage to the
mgratory bull trout fishery of the Swan drainage. Up to 26% of
potential juvenile bull trout production would be lost, depending
on the rate of developnent. Wth the additional inpact of forest
devel opnent, over 30% of the bull trout production would be |ost.

The inpacts of all three levels of small hydro devel opment on
mgratory bull trout are summarized in Figure 15. [osses
attributed to each of three factors (diversion zone dewatering
sedi ment from project construction, and sedi nment from forest
devel opment) are shown. Dewatering was responsible for the
mpjority of predicted loss, and as a result, the ultimte inpacts
of inmediate and incremental scenarios were very simlar for a
given level of development. However, increnental devel opnent woul d
result in less inpact fromhydro-related sedi nent than woul d
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Figure 15. predicted | osses in potential nigratory bull trout
production in the Swan River drainage due to forest
devel opnent and three | evel s of small hydro devel oprment
Effects of imediate (all projects built in one year)
and increnental (construction phased over five years)
scenarios are shown for each | evel of devel opnent.
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i medi ate devel opment.  Therefore, phased construction should be
considered in nore sedinent-sensitive areas or where dewatering
effects are less significant.

Effect on Qutthroat and Brook Trout

Diversion zone dewatering was the only factor used in this
analysis to predict the effects of small hydro devel opment on
resi dent cutthroat and brook trout. Wthout year-round instream
flow protection, these zones could not contribute to annual trout

roduction. Fish losses were based on 1983-84 popul ation estimates

or each stream section to be bypassed by a mcro-hydro penstock.
(Once al | designated projects have been constructed, "incremental"
and "immediate" scenarios have identical inpact for the same |evel
of devel opnent.

Because they were often present in high gradient stream
reaches al ong proposed penstock routes, cutthroat trout would be
significantly affected by hydroelectric diversions (Table 25). An
estimated 7% of the cutthroat trout population in Swan River tribu-
taries woul dbel ostwith a low |evel of hydro-devel opnent (four
projects).  Under "noderate" scenarios éten projects), about 12% of
the total population would be lost, and under "full" scenarios (20
projects), about 18% woul d peri sh.

Brook trout were not as common as cutthroat in proposed diver-
sion zones. The bul k of the brook trout population in Saan River
tributaries was found in |ow gradient reaches downstream from

otential hydro sites and in other (non-project) streans.

timted inpact on this species was small, ranging from 2% of the
tributary population lost with a low level of mcro-hydro devel op-
ment to 4% 1lost with full devel opment (Table 26).

ECONOM CVALUATI ON

Travel -cost results placed the net economc value of the Swan
R ver drainage sport fishery at $788,000 per year. This sum was
conprised of $455,000, $265,000 and $68,000 for the Swan River
Swan Lake, and tributary fisheries respectivety. Dividing the
total net value by the 16,300 angler days estimted for the 1983-84
fishing season yielded an average value of $48.30 per angler-day.
Average angl er-day val ues ranged between $21.00 for tributary
anglers to $76.00 for river anglers.

W did not collect information on actual expenditures (noney
spent on bait, tackle, travel, lodging, food, and |icenses etc.).
However, gross expenditures are not considered reliable estimtors
of resource value (CGordon etal.1973, Pal mand Ml vestuto 1983,
ECO Northwest 1984). Pal mand Malvestuto (1983) found that con-
suner surplus exceeded actual expenditures by a factor of 1.1 to
1.5 for the sport fishery in a southern reservoir. This factor was
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Table 25. Percentage loss ofcutthroattroutintributariesto the
Swan drail nage due solely to dewatering inpacts from
various | evel s of mcro-hydroel ectric devel opnent.  See
Tabl es 4 and 5 for conplete descriptions of devel oprent
scenarios.  Qperation is assumed to begin in 1987 under
al | scenarios.

No. projects | mpact Years

Scenari o devel oped 1987 1988 1989 1990 1991
Lom ncr enent al 4 001 22 7.2 7.3 1.3
Low i nmedi at e 4 7.3 7.3 1.3 7.3 1.3
Mbder at ei ncrement al 10 2.2 7.3 9.3 10.1 11.8
Mbder at ei nnedi at e 10 11.8 11.8 11.8 11.8 11.8
Ful | increnental 20 7.3 10.1 14.2 14.2 17.5
Ful | inmediate 20 17.5 17.5 17.5 17.5 17.5
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Table 26. Percentage loss of brook trout in tributaries to the
Swan drai nage due solely to dewatering inpacts from
various | evel s of mcro-hydroel ectric devel opnent.  See
Tables 4 and 5 for conplete descriptions of devel opnent
scenari 0s. Operation is assuned to begin in 1987 under
all scenari os.

No. projects Impact Y e a I S

Scenario devel oped 1987 1988 1989 1990 1991
Lowi ncrenent al 4 0.2 1.8 1.8 1.9 19
Lowi medi at e 4 1.9 1.9 1.9 19 19
Moderate increnental 10 1.8 1.9 21 23 23
Moder at ei medi at e 10 2.3 2.3 2.3 23 23
Ful | incremental 20 1.9 2.3 3.5 3.5 37
Full Imrediate 20 3.7 3.7 3.7 371 37
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1.2 and 1.7 for cold and warm water fishing in Idaho gSorg et al
1984). However, consuner surplus was only about 40% of actua
expenditures for recreational steelhead fishing in Idaho (Donelly
et al. 1983).

Responses to contingent-val uation questions reveal ed that Swan
River anglers consistently attributed a higher value to a hypo-
thetical 25%fish |oss than did anglers on Swan Lake or the tribu-
taries (Table 27). Anglers fishing various parts of the drainage
reported they would pay from $13 to $76 annual | yt opreventa 25%
| 0ss whil e they would sell their rights to these fish for $79 to
$580 per year. Anglers reported being willing to drive 53 tol27
one-way mles to get to an area equal in quality to the Swan, which
?nnmnts So $27 to $64, based on travel costs of $0.25 per nile

Tabl e 27).

Estimates of thetotalvalue of a 25% fish |loss were derived
using creel census estimates of the total number of anglers fishing
Swan Lake, River, and tributaries (3733, 2693, and 1405,
respectively) as described by ECO Northwest (1984). As displayed
in Table 28, the resulting contingent values were substantial,
rangi ng between $250, 000 gbased on WD) and $2.6 mllion (based on
WS) annual ly. The difterence between WIS and the other two
contingent-val uation methods (WP and WD) is apparently comron-
place in the literature.

Variances around contingent-valuation responses werequite
large. For exanple, nean WIP (average response to the WIP
question) for the Swan River and tributaries and nean WIS for Swan
Lake were not significantly different fromzero (Table 27).
W lingness-to-drive was found to be the best of the contingent-
val uation approaches to discrimnate the relative value of the 11
fishing areas surveyed. This may have been because "people can
give a clearer response to how many mles they woul d have to drive
rather than how many dollars they would be willing to pay for an
environnental amenity" (B3I Northwest 1984).

Hedonic travel-cost analysis resulted in a |ower value of a
25%fish loss (Table 28). However, this technique was considered
to be nore useful in addressin? the goals of this study because of
Its abilitytodetermnethe relative value of site characteris-
tics. The results of the hedonic anal ysis suggested that anglers
cared nost about target species (especially trout and bull trout),
and were |ess concerned about size of fish and catch rate. Qher
site characteristics such as type of water (river, [ake,
reservoir), nanagement desi?nation (trout water, etc.) and scenic
quglities did not add significant predictive power to the hedonic
nodel s.

The hedoni c travel -cost method was used to determne the net
econom ¢ value of the bull trout fishery in the Swan River
drainage. Bull trout were found to be significantly nore val uable
than "trout” to anglers in the drainage. Anglers werew llingto
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Table 27. Average responses to contingent valuation questions from
anglers in the Saan River drainage. Nuners of
responses are in parenthesis. %estions wer e desi gned
to determne the value of a hypothetical 25%fish |oss.

W1 1ingness- W1 1ingness- W1 1ingness-
t 0- pay to-sel | ‘todrive
Area ($ year) ($/ year) (mles/trip)d
Swan Lake $29* (80) $241 (82) 89* (173)
Swan R ver $76 (111) $580* (72) 127* (192)
Swan tributaries $13 (12) $ 79* (19) 53  (33)

&/ Thaejzse are one-way m | es. Miltiply by $0.50 to obtain dollar
val ue.

*

Asterisks denote responses significantly different fromzero at
the 0.05 significance |evel.
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Table 28.  Aggregate valuation (dollars per year) of a
hypot hetical 25%fish loss in the Swan River drainage
using four different estimation techniques. Adapt ed
fran ECO Northwest (1984).

Hedoni ¢
WI1lingness- WIIlingness- WIIlingness- travel-

Area t 0- pay to-sell to-drive cost
Swan Lake $108, 300 $ 899, 700 $110, 800 $ 58,400
Swan Ri ver 204,700 1,562, 000 114, 000 42,100
Snan tributaries 18, 300 111, 000 24, 800 22,000
TOTAL $331, 300 $2,572, 700 $249, 600 $122, 500
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pay an estimated $450 per party-visit to fish specifically for bul
trout as conpared to $30 to fish for "trout". However, there was a
| arge anount of variance associated with these estimtes (EQ
Nor t hwest 1984).

Target species information gathered during the creel census
i ndicated that 16% of the Swan Lake and 6% of the Swan R ver
fishing trips weremadeby bull trout parties, which amunted to
408 and 108 ﬁarty-visits, respectively. The anount of bull trout
fishing in the tributaries could not be estimted because no bul
trout anglers were interviewed. Miltiplying the estinmated bul
trout trips by $450 resulted in net values of $183,600 and $48, 600
annual [y for the bull trout fishery in Swan Lake and the Swan
River, or $232,200 total. Simlar calculations resulted in an
estimated net value of $87,000 for non-specific "trout" fishing
(including kokanee) in the lake, river, and tributaries.

The hedoni ¢ travel -cost results indicated that the bull trout
fishery has a substantially greater net value than the trout
fishery (including kokanee) in the drainage, even though bul| trout
conprised a relatively small portion of the harvest and fishing
pressure. Consequently, snall hydro andforest devel oprment i npact s
on juvenile bull trout populations in the tributary streams could
have significant effects on the value of the fishery for this
mgratory species in downstream areas (Swan River and Swan Lake).

The bioeconomc inmpacts of small hydro devel opment on the
tributary sport fishery would be small due to the distribution of
brook trout, which formed the basis of the tributary fisherK.
Assumi ng that dewatering constitutes a |oss of site andthatthe
total value of the tributary fishery to anglers is due to the
presence of brook trout, the travel-cost value estimte was used to
determne the net value of brook trout population reductions.
Cunul ative tributary brook trout |osses resulting from dewatering
were estimated to range between 2 and 4% Applyin% these | osses to
the travel-cost tributary value estimate ($68,000) indicates an
annual 1oss of $1400 to $2700. This is not to say that cutthroat
trout losses (up to 18% at full devel opment) are of no value. This
species is inportant froma genetic standpoint and may at some
future time be nmore avidly sought by tributary anqlers. The ques-
tion of future value was also raised by Cordon et al. (1973).

The results of this economic evaluation indicate that it would
be nore prudent for small hydro developers to seek streams in the
Swan dral nage that are not utilized by mgratory bull trout. This
study and others like it can be used as inportant planning tools to
direct small hydro devel opment, should the need for such power
arise. At the present time, the need for such power in the North-
west is questionable. As pointed out by the Northwest Power
Pl anni ng Council (1983), new power resources must be conpatible
with the region's existing hydropower system In other words, new
hydr opower projects nust be able to generate power during the |ow
wat er period, rather thanaddtothe existing hydropower surplus
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during the spring high water period. Many of the hydro projects
proposed in the Swan drai nage woul d be unable to nmeet this
criterion without causing substantial damage to fisheries re-
sources. Also, it would be very difficult to conpare the economc
tradeoffs between small hydro devel opnent and self-sustaining
fisheries resources because small hydro is heavily subsidized by
tax incentives and price and market guarantees.

STATUS OF SWAN HYDRO PROJECTS

After the initial flurry of prelimnary study permts in 1982,
interest in developing the 20 proposed Swan sites began to subside.
Many prelimnary study permts were surrendered during 1983 after
devel opers realized that the sites had inadequate streanflows,
woul d be very difficult to access, were too far from existing
transmssion [ines, or were otherw se not feasible for devel opment.
Prelimnary permts were allowed to expire for other projects for
various reasons, including the fish and wildlife resource concerns
raised by state and federal agencies. Sone of these concerns were
illumnated by the initial results of this study.

By late 1983, the remaining devel oper (Hydro Management Inc.)
had expressed interest in pursuing licensing for only four sites
Cedar, Cold, Piper, and Squeezer creeks. In March, 1984, new
prelimnary study permts were issued by FERC for projects on Piper
and Squeezer creeks, wth no formal action taken on the Cedar and
Col d creek projects. Meanwhile, court decisions on regulatory
authority for small hydropower and Public Service Conm ssion
decisions on "avoided cost" rates began to shape the political and
econom ¢ boundaries for mcro-hydro devel opment. Priority rights
for the remaining Swan projects were acquired from Hydro Managenent
by Sol ar Research Inc. during the first half of 1984.

Di scussions held between MDFWP, U.S. Fish and Wldlife
Service, USFS, and the devel oper during the summer and fall of 1984
centered on the mninuminstream flow I ssue and possible mtigation
strategies. The devel oper reiterated that the projects were not
econon1callg viable with thesediversion constraints and raised
questions about the legitimacy of the method used to derive in-
stream flow recomrendations. O fers were made by the devel oper to
undertake streamrehabilitation at offsite |ocations to conpensate
for any damage to fish popul ations caused by project operation.
However, the agencies insisted that mninmuminstreamflows were the
only acceptable forms of mtigation, especially since bull trout
spawni ng and/or rearing habitats were involvedi nthreeofthefour
remaining projects. It was further argued that stream i nprovenent
techni ques were largely unproven for high gradient nountain
streans, and that no proven technology existed for creating new
rearing habitat for nigratory bull trout. The risk of losing these
uni que fish runs and preferred habitats was considered un-
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acceptable. Since no agreenent could be reached on this issue, the
devel oper indicated that he would surrender all renaining study

pernts.

At this witing, no further interest has been expressed in
devel opi ng any of the Swan sites. Throughout the review process,
the devel oper conplained about receiving conflicting signals from
governnent agencies, including an initial indication that fisheries
values were nininal in Swan tributaries. This may have been partly
due to a lack of established and coordinated policies for review ng
smal | hydro ﬁroposals by the various resource managenent agencies
involved. The developer also felt that larger projects (e.g. oi
and gas pipelines) did not receive the scrutiny applied to his
proposal s.
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Appendix Al. Habitat variables considered in the development of statistical
models relating fish abundance to habitat characteristics in
tributaries in the Swan River drainage.

Hater Quality
Phosphorus (mg/1) class Il pools (%)
Nitrate (mg/1) class Il pools (%)
Sulfate (mg/1) Pools per kilometer:
Sodium (mg/1) class 1
Potassium (mg/1) class 1l
Calcium (mg/1) class | & Il
Magnesium (mg/1) Class |11
Alkalinity (mg/1) *Total
*Conductivity (mmhos/cm) *Channel debris (%)
Total dissolved solids ( ) Debris stability (%)
*Max. summer water tempJ/YF) Overall substrate:
Est. late summer flow (cfs) Boulder & bedrock (%)
Cobble (%)
Reach (haracteristics Large gravel (%)
Stream order Small gravel (%)
*Drainage area (kmz) Sand, silt & detritus (%)
*Reach gradient (%) *Substrate score
Survey section gradient (%) D90 (cm)
*Survey section elevation (m) Embeddedness
Upper reach elevation (m) Compaction
Lower reach elevation (m) Pool substrate:
® (3annel stability score Boulder & bedrock (%)
Ave. channel width (m) Cobble (%)
Ave. valley width (m) Large gravel (%)
valley : channel ratio Small gravel (%)
*Ave. wetted width (m) Sand, silt & detritus (%)
Ave. depth (cm) *Substrate score
*Max. depth (cm) Embeddedness
Ave. pool depth (cm) Instream cover:
*Max. pool depth (cm) Instream bank cover (%)
Aquatic vegetation (%)
Habitat Characteristics Logs (%)
Debris (%)
Habitat units: Logs & debris (%)
Pool (%) Boulder (%)
Riffle (%) Turbulence (%)
Run (%) *Total (%)
Pocket water & cascade (%) Overhead cover 3
*Beaver pond (%) Overhead bank cover (%)
Split channel (%) *Undercut bank (%)
Side Channel (8) *Overhand (%)
*Split & side channel (%) Understory (%)
class I pools (%) Overstory (%)
Total (%)

*Selected for possible inclusion in stepwise regression modeling
of cutthroat, bull, or brook trout.



Appendix A2, Bull trout spawning survey coverage in the Swan River
drainage during the years 1982-1984. Survey sections are
identified by stream Kkilometers, measured beginning at
the mouth or confluence with a larger stream.

1982 1983 1984
Loc. of Loc. of Loc. of
survey Total km survey Total km survey Total km

Creek section surveyed section  surveyed section  surveyed
Beaver km 17.0-0 17.0 _— —_
Bond km 3.8-0 3.8 - - -_
Cedar km 10.0-0 10.0 — -
Cilly km 2.7-.5 2.2 -_— —_ _—
Cold km 17.0-0 17.0 km 14.5-0 14.5 km 14.5-O 14.5
S.Fk Cold km 7.0-0 7.0 _— - —_
Cooney km 4.5-0 4.5 - -
Dog km 7.0-0 7.0 — _ - —_
Elk kml6.0-0 16.0 km 16.2-6.7 9.5 km 16.2-6.7 9.5
Glacier km 22.5-0 22.5 km 20.6-0 20.6 —_ -—
Goat km 11.7-0 11.7 km 11.5-0 11.5 km 9.3-0 9.3
Groom km 2.0-0 2.0 - — _—

Hall km 2.0-0 2.0 - - - —_
Jim — _ km 4.7-1.4 3.3 km 7.0-1.8 5.2
N.Trib Jim - —_— km 2.5-0.6 1.9 —_— _—
Lion km 11.0-0 11.0 km 10.5-0 10.5 km10.5~-0 10.5
Lost km 2.3- 2.3 km 2.3-0 2.3 km 2.3-1.6 0.7
N.Fk Lost km 11.0-0 11.0 km 8.0-0 8.0 km 5.9-0 5.9
S.Fx Lost kml0.0-0 10.0 km 10.0-0 10.0 km 7.4-o0 7.4
Piper km 6.0-0 6.0 km 1,7-0.8 .9 km 6.2-0 6.2
Pony km 6.8-0 6.8 — - - —
Runble km 4.3-0 4.3 - - - -_
Soup km 9.5-0 9.5 - -_— _— -
Squeezer km12.0-0 12.0 km 7.8-0 7.8 km 6.7-0 6.7
Woodward km 5.5- 5.5 km 3.5-0 3.5 -— -_
S. Woodward km 10.0- 9.8 km 0.4-0 0.4 - —
Totals 210.9 104.7 75.9
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Appendi x A3. Daily maxi num (upper graph) and m ni mum (| ower graph)
wat er tenperatures during August and Septenber of
1984 at the Addition Creek hydro project |ocated
near Spotted Bear on the South Fork of the Flathead
River, Montana. Solid lines are tenperatures above
the diversion, dashed lines are diverted waters
| mredi at el y bel ow t he power house, and dotted |ines
are creek waters just above the diversion return.

A-3



WHITEFISH

551
T N\
(-]
=~ 501
[-%
3
®
- \.
£
3z a5
=
(]
£
2 40-
[ -]
(=]
25 30/ 5 10 15 20 25
August September
1984
551
w
o
= 504
a
£
bt
.
€ 4s-
E
£ .
E -
>
‘s 40+
Q
25 ol s 10 15 20 25
August September
1984

Appendix A4. Daily maximm (upper graph) and minimum (lower
graph) water temperatures during August and
September of 1984 at the small hydro project on
the water supply system for the City of whitefish,
Montana. Solid lines represent the average maximum
(or minimum) water temperatures at the two diversion
points on a given day. Dashed lines indicate daily
maximm (or minimum) temperature of the diverted
waters immediately below the powerhouse.



Appendi x A5. Conti ngent - val uati on questi ons used i n the economi c
survey of Swan drai nage anglers during the 1983-84
fishingseason. Al party leaders were asked the WD
question and either the wre or WS questi on.

Techni que Question

W1 1ingness-to-pay Assune that the fish population of the Swan
River drainage m'?ht permanent|y decrease
by 25 percent. IT the only way to prevent
this decrease was for fishernen to donate
into a special fund to be used exclusively
for this purpose, how nuch noney woul d you
be wlling to payintothis fund each year?

W1 1ingness-to-sell Assume that the fish population of the Swan
(\WTS) Ri ver drainage permanent|y decreased by 25
gercent. | f a special fund was createdto

e used exclusively to conpensat e

fishermen for this loss in fishery, how
much noney fromthis fund woul d you have to
be pai d each year?

W | lingness-to-drive | f the fish populationin the swan drai nage
(WID) decreased by 25 percent, how many nore
miles one way would youbew | [ ingtodrive

to get to a site whose quality is as good

as the Swan's before thequalitydecreased?
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U S DCEPARTMENT G- AGRI CULTURE
FLATHEAD NATI ONAL FOREST
COVPUTER PROGRAM USER | NSTRUCTI ONS

OCTOBER 1984

| DENTI FI CATI ON
PROGRAM NAME: SEDI MENT MODEL
LANGUAGE: Fortran 77
HOST COMPUTER: Dat a General Mv/8000 11
PROGRAMVER: Pat Glnore

(406) 755-5401
PURPOSE

This programconput es theoretical annual sedinent | oad8 deliveredto
streamreaches according t o |andtype, road buildingand | oggi ng activity
in the correspondi ng1 subdrai nages. The user selects a year of Interest
and nay set an imt for tinber cutting units and/or local road8 to
be consi der ed. so, if desired, a percent of the upstreamyield and o
sedi ment fromproposed mcrohydro projects will be added in.

| NPUT

First, gather field data. Divide streans i nto reaches and identify all
| andtypes in the subdrainage for each reaah. Landtype may be further
divided by ownership if desired. Then, note existing and proposed tinber
cutting units and roads within each ground unit. Last, for each reach,
determne gradient, tributaries, andthe percent of upstreamsedi nent

whi ch enter 8 t he reach.

Record this data on Form1 a8 illustrated in the exanpl e. Begin by
entering the streamnanme, reach nunber, |andtype code, and ownership
code, if used, toidentify aunit of groung. Then, list unit acres,

| ogging information, road informtion, and reach infornation vertically.
\lhen several |ines are used for Ioggérr\g, road, and/or reach information,
enter the stream reach, Iandttype, ovnershiponeach line. A

0

description of each data field fol | ows.
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STREAM NAME - Enter a stream name of up to ten characters. THIS FIELD
IS REQUIRED ON EACH LINE!

REACE - Number reaches sequentially upstream. Identify a headwater
basin (portion of a drainage basin entering alpine lake) by adding the
digit zero to the uppermost reach number. For example, if the highest
reach number is 2, its headwater basin should be 20. THIS FIELD IS
REQUIRED ON EACH LINE!

LANDTYPE - Valid entries are 1 through 23 as defined below. See
attached tables for descriptions. THIS FIELD IS REQUIRED ON EACH LINE!

1 - 10-2,1I

2 - 10-3

3 - 12, Ia

4 - 182

5 - 143

6 - 16

7 - 17

8 - 21-8, 21-9, II

9 - 23-7, 23-8, 26A-7, 26A-8, 26C-T, 26C-8, III(1)
10 - 26D-T, 26D-8, III(2)
11 - 26G-7, 26G-8

12 - 23-9, 26A-9, 26C-9, 26D-9
13 - 27-7, 27-8

14 - 28-7

15 - 32, Iv

16 - 57-8, Va(1), ¥b(1)
17 - 57-9, Va(2), ¥b(2)
18 - 54, 55

19 - 72, 75, VI

20 - 73, VII
21 - T4
2 - 76, 78, VIII
a3 - 17

OWNERSHIP - Enter one of the following codes or define your own. This
field is optional, but is REQUIRED ON EVERY LINE IF USED!

National Forest lands: non-wilderness

National Foreat lands: wilderness

Plum Creek Timber lands (BN)

State of Montana lands (Swan River State Forest)
Other privately owned lands

VI S&r 0 ) —
[ I R R |

ACRES - Enter total acres of ground unit in the landtype to the
nearest whole number.

ACRES CUT - Enter total acres in cutting unit to the nearest whole
number.

YEAR CUT -~ Enter last two digits of the year the unit was cut.
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ROAD TYPE (Constructed or Reconstructed) - Enter one of the codes bel ow.

- Local road

- (ol lector road, yearly maintenance

- Col | eat or road, 2-year maintenance

- Collector road, 3-year mintenance

- Col | eat or road, 4-or-nmore-year maintenance

oo N—I

MLES (Construated or Reconstructed) - Enter mles of road to the
nearest tenth. The last digit entered wll be interpreted astenths,
so an entry of 45will mean4.5 niles. Reconstructed mles nust be no
| onger t han m | es construct ed.

YEAR (Constructed or Reconstructed) - Enter the last two digits of the
year of road construction or reconstruction.

REACH GRADIENT - Enter the reach gradient to the nearest tenth. The
last digit will beinterpreted as tenths. THI S VALUE MUST BE ENTERED ON
THE FIRST DATA LINE FOR THE REACH

PERCENT UPSTREAM SEO MENT - Enter the percent of upstreamsedi nent
whi ch has been estimated to flowinto the reach. TH'S VALUE MKST BE
ENTERED ON THE H RST DATA LI NE FCRTHE REACH

TRIBUTARY NAMES - Enter tributary names OF up to ten characters. Be
sure the spelling is identical tothe spelling under stream nane.

Form2 is optional. Use it to record predicted sedinent |oads to stream
reaches by tyear f romproposed m crohydro projects. Several alternatives
for time of construction can be coded. Reaches nay be | i sted nore than
once for each alternative 88 shown in the exanple. Each data fieldis
described bel ow.

YEARS OF |INTEREST - Enter the last two digits for up to sevenyears of
interest. The first relevant year of interest for mcrohydro projects
i s one year after construction.

PRAJECT - Enter the project nane or whatever you like. This fieldis
i gnored by the oonputer.

STREAM NAME - Enter a streamnane of up to ten characters. Be sure
the spelling is identical to the spelling onForm 1. THS FIELD | S
REQUI RED ON EACH LI NE!

REACH - Enter reach nunbers exactly as they were entered on Form1.
TH'S FIELD I S REQUI RED ON EACH LI NE!

SEDIMENT - Enter tons of sedinent to the nearest hundredth that will
enter the reachinthe year given. The last two digits will be inter-
preted a8 hundredths, so an entry of 550 will mean 5.50 tons.

Second, create conputer files. Colum nunbers for data entry are given

on the forns bel owthe headings for each field. Enter the coefficients
fromthe attaahed tables in one file and the data gathered on Form! in
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1v.

a second file. If Form2 la used, create a separate file for each
scenario of mcrohydro project construction (HT JUSTIFY ALL NOMER C
ENTRI ES AND BE SURE THE DATA FROMFCRM 1 | S I N CRDER BY STREAM AND REACH
Your own coeffieients may be substituted for those attached, but the
format of thefile nust be exactly asdescribed.

OPERATI ON

Type t he conmand bel owt o execute t he program
X SEDMOD

Whenpronpt ed, enter the name8 of your files and the pragaparaneters:
year of interest, maxinumage oflocal roads and cutting units, and
whet her to add in upstreamsedi nent.

OUTPUT

Sanpl e output is attached. Each streamand r eachin the data file is
listed. Natural sedi ment is computed by accunulating t he products of
each | andtype acreage in t he subdrai nage and the natural sediment
coefficent for that |andtype. Logging sediment is computed simlarly
except that only acres in cutting units of the proper age are consid-
ered and | oggi ng sedi ment coefficients are used. Likew se w th road
sedi nent except that road coefficients are multiplied by mles of road
and al | collector roads are included regardless of age. Al so, when

m crohydro project datais given, it is added to road sediment and does
not appear as a separate itemon the report. Percent fines, substrate
score, and bul | trout per 100 square nmeters are conputed as fol | ows:

55( Road Sedi ment)

Percent Fines =34.18 + (Natural Sedinent) - 24.8(1og Gadient)
10

6( Road Sedi nent)

Substrate Score =10.81 - (Natural Sedinment) + 2.91(log G adi ent)
10

X
Bul I Trout Per 100 square meters = 10
where x = 0.142(Substrate Score) - 1.391 .
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10-2
10-3

14-2
14-3
16

17
21-8
21-9
23-7
23-8
23-9
24-8
24-9
26A-7
26A-8
26A- 9
26C-7
26C-8
26C-9
26D-7
26D-8
26D-9
26C-7

26G- 8

261 -7
261 -8

263-7
26J-8
263-9
26L-7
26L-8
27-7
27-8
28-7
31

32

54
55
57-8
57-9

72

73
74
75
76
77
78

LANDTYPE DESCRI PTI ONS

Al luvial Lands, well drained

Al luvi al Lands, poorly drained

Organic Soils, poorly drained

Silty Lacustrine, well drained

Silty Lacustrinc, poorly drained

Al luvial Fans, 5 - 30 percent Slopes

Aval anche Pans, 20 - 50 percent sl opes

Al pine dacial Till-Residual Soils, 20 - 40 percent slopes
Alpine Gacial Till-Residual Soils, 40 - 60 percent slopes
Silty Gacial Till-Residual Soils, 0 - 20 percent slopes
Silty Gacial Till-Residual Soils, 20 - 40 percent slopes
Silty Gacial Till-Residual Soils, 40 - 60 percent slopes

Sandy dacial Till-Residual Soils, 20 - 40 percent slopes
Sandy dacial Till-Residual Soils, 40 - 60 percent slopes

Silty @acial Till, calcareous substratum 0 - 20 percent sl opes
Silty Gacial Till, calcareous substratum 20 - 40 percent slopes
Silty @acial Till, calcareous sbustratum 40 - 60 percent slopes

Silty Gacial Till, slightly acid substratum 0 - 20 percent slopes
Silty @acial Till, slightly acid substratum 20 - 40 percent sl opes

Silty Gacial Till, slightly acid substratum 40 - 60 percent slopes
Sandy G acial Till, 0 - 20 percent slopes

Sandy G acial Till, 20 - 40 percent sl opes

Sandy dacial Till, 40 - 60 percent slopes

Silty Gacial Till, cal careous substratum warm and dry,
O- 20 percent slopes

Silty Gacial Till, cal careous substratum warm and dry,

20 - 40 percent slopes

Cayey Gacial Till, 0 - 20 percent slopes

Cayey QGacial Till, 20 - 40 percent slopes

Loany dacial Till, 0 - 20 percent slopes

Loany dacial Till, 20 - 40 percent sl opes

Loany Gacial Till, 40 - 60 percent slopes

Cayey Gacial Till. "old surface,” 0 - 20 percent slopes
Cayey Gacial Till, "old surface," 20 - 40 percent sl opes

Loany dacial Drift, 0 - 20 percent slopes

Loany dacial Drift, 20 - 40 percent slopes

d acial Qutwash, 0 - 20 percent slopes

Mass Fail ure Lands, hunmocky, 10 and 30 percent slopes
Mass Failure Lands, benchy, 30 and 50 percent slopes

Sl ab Rock, high elevation - 10 - 30 percent slopes
Slab Rock, steep - 30 - 60 percent slopes
Residual Soils, 20 - 40 percent slopes

Resi dual Soils, 40 - 60 percent slopes

d acial Breaklands, cirque headwall and al pine ridge

60 percent plus slopes

d aci al Breaklands, troughwall, 60 percent plus sl opes

Fluvi al Breakl ands, 60 percent plus slopes

Structural Breaklands, scarp rock, 60 percent plus slopes

Structural Breaklands, weak dissection, 60 percent plus slopes
Structural Breakl ands, noderate dissection, 60 percent plus sl opes
Structural and G acial Breaklands, warm and dry, 60 percent plus slopes



Il1a
Y

Va (1)
Va (2)
Vo (1)
Vb (2)

vC

Vd

Ve

Vi

VI
VI

LAND TYPE ASSCCI ATI ONS (W LDERNESS)

Nane of Happing Unit

Forest ed Fl oodpl ai ns

Wet, Crass-sedge Meadows

Gass 6 Forested Stream Terraces

G acial Cirque Basins

Forested G ound Mraine, silty

Forested G ound Moraine, sandy

Forested Steep lateral Moraine

Slump Land

Forested High El evation R dges, 20-40% S| opes
Forested Hi gh El evation Ri dges, 40-60% Sl opes
Forested Snmoot h Resi dual Sl opes, 20-40% Sl opes
Forested Snmooth Residual Sl opes, 40-60% Sl opes

Forested Moderately Dissected
Resi dual Sl opes

Forested and Gassland Mderately
Di ssected Residual Slopes

Forested & G assland Snooth
Resi dual Sl opes

Peaks and Al pine Ridges - Sparsely
Veget at ed Rockl and

Forested, Cool Aspect Breakl ands

Forested, Warm Aspect Breakl ands
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LANDTYPE SEDIMENT COEFFICIENTS FOR ESTIMATING NATURAI, AND MAN-INDUCED SEDIMENT LOADS

TONS/YEAR DELIVERED TO STREAM CHANNELS

Road Mulnt«nwnrnz
Sediment

(tons/mi/yr)
Yr.l Yr.2 Yr.3+

ad

Sadid >
Seaiment

Yr.3 Yr.4-10

5
Fircline Sediment
frans/ 000" 1o
{tons/1000" fvr)

Tractor Hand
Yr.l Yr.2 Yr.l Yr.2

Road Cun:.trucuonl
Natural Sed iment
Sed {ment (tons/mi/yr)
(tons/ac/yr)l Yr.l Yr.2 Yr.3-4 Yr.5+

0.85 0.95 0.57 0. 0.15
0.84 1.50 06.90 0.4 0.23
0.13 0 0 0
0.07 23.77 14.26 7 3.57
0.15 1.42 0.85% 0 0.22
0.15 0.95 0.57 0. 0.15
O.ld 3.08 1.84 0. 0.46
0.18 33.80 20.28 10. 5.07
0.07 35.67 21.40 10, 5.35
0.07 21,17 12,70 6. 3.18
0.08 23.51 14,10 7 3.53
0.18 47.53 28,52 14 7.13
0.15 2.18 1.31 0 0.3)
0.15 1.90 1.14 0 0.29
0.10 26,15 15.69 7 3.93
0.10 2.39 1.43 0 0.36
0.10 3.13 1.48 0 0.47

0 0.74 0.44 0 0.1
0,04 0.74 0.44 0. 0.11
1.85 97.87 58.72 29 14.68
34.76 272.85 163.71 81, 40,93
0.21 31.85 19.1 9. 4,78
.19 42,49 25.49 12 6.37

0.5 0.29 0.15

8 oan n
U.yu v.

n oa

.4
0
14,26 7,13 3.57
0.8% 0.43 0.22
0.57 0.29 0.15
1.84  0.91 0.46
20.28 10,14 5.07
21,40 10.70 5.35

rs
ES

<
o

<o
an
w
wn

14,10 7.05 3.53
28.52 14.26 7.13
1.31  0.65 0.33
l.14 0.58 0.29
15.69 7.85 3.93
1.43 0,72 0.36
1.88 0.94 0.47
4 0,22 0.1l
0.44 0.22 0.11
58.72 29.36 14.68
163.71 B81.86 40.93

19.11 9.56 4.78
25.49 12.75  8.37

s

54,

o

a

~- O O O O &

o O v &~

QO O o w

o O

n
=)

4.76
0.22
0.19
2.62
0.24
0.32

0.n8

0.08
9.79
27.29
3.19

S
~
w

0.06

.14
1.96
0.20
0.12
0.13
2,09
2.9
1.76
1.96
2.94
0.26
0.23
1.57
0.23

0.23
0.06
0.06
4.85
16.42

1.38

._
ao
%3

0.03
6.07
0
0.98
0.10
0.06
0.07
1.05
1.47
0.88

0.98

0.04 0.02 0.02 0.0l

§.06 0.03 0.0 0.0i
0 0 0 0
0.90 0.45 0.45 0.22
0.0t 0 0 0

0.04 0.02 0,02 0.0!
0.12 0.06 0.06 0.03
1.28 0.64 0.64 0.32
1.35 0.67 0.67 0.3

(=]

0.80 0.40 .40 G.2
0.89 0.44 0.44 0,22
1.80 0.90 0.90 0.45
0.08 0.04 0.04 0,02
0.07 0.04 0.04 0,02
0.99 0.49 0.49 0.25
0.09 0.05 0.05 0.02
0.12 0.06 0,06 0.03
0.03 0.0 0.01 0.0

0.03 0.0l 0.01 0.01

1
Acres

2

Third

of ground bared per mile
and fourth year sediment

of road times tons of sediment per acre of bare ground.
are each 30% of the first year.

Second year scdiment {s 60% of first year sediment.
Fifth year and after are 15% of first year sediment for cach year.

Acres of ground rebared by road surface blading and ditch cleaning per mile of road times 60X of a newly built road sediment load. Second

year Is 30X of first year road maintenance.

]Acros of ground bared is considered to be one-fifth as much as for road building.

aOnc acre of landing site equals one acre of bare ground.

year.

yeur.,
yoeur .

Thitd year sediment is S0Y of first year scdiment,

Fourth throupgh tenth years are 15X of first year scediment for each year,

5.
Firelines are assumed to be bare ground.

year [ireline sediment (s 50X of flrst year gediment.

Second year sediment {s 60X of first year scdiment.

Third year and after are 25% of [irst year road maintenance sediment.

Second year skid trail sediment is the samc as first
Fourth through tenth years are about 30% of first year sediment for cach year.

Third year is 30X of first

Tractor lines are considered to be one-fifth the width of a road, hand lines one-tenth, Secoad




NATURAL SEDIMENT COEFFICIENTS
TONS/ACRE/YEAR DELIVERED TO STREAM CHANNELS

| LAND | COEFFI- || LAND | COEFFI- || LAND | COEFFI- [! LAND | COEFFI- |
| TYPE | CIENT || TYPE | CIENT || TYPE ! CIENT || TYPE | CIENT |
| | Il | I ! I | |
I v+ | .8 I 7 | .16 1} 13 | A5 1 19 | o8 |
|l 2 | .88 I 8 | .18 || 18 | .15 {1 20 ¢t 1.8 |
P 3t a3 1t 9t .07 1 15 | .10 1 21 | 34.76 |
I 8 | .07 I 10 | .07 I 16 !} .10 {} 22 | 21 |
I s | .15 b 11} .08 Il 17 | .10 |l 23 | .19 |
{! 6 1 .15 1} 12} .18 }1 18 | o il ! |
(Enter on lines 24-46 in columns 1-6. Omit decimals. Two places are assumed.)

ROAD SEDIMENT COEFFICIENTS
TONS/MILE/YEAR DELIVERED TO STREAM CHANNELS

! | LOCAL ROADS | COLLECTOR ROADS | !
! | | i }
| AGE | 1 | 2 | 3-4|585-10} >0} 1 { 2} 3 | ¥4 | MTC !
| | | | ! ! | ! i | | |
{COLUMNS| 7-12 | 13-18! 19-24] 25-30}{ 31-36) 37-42| 43-48{ 49-54} 55-60}COLUMNS!
| | | l { | | ! ! ! ] |
L 11 .951¢ 571 .29} .15} 211 .57} .A31} .34} 29} 1 L |
A 21 1.50f .90} .86} .23 .32f .92} .69} .s4! .46} 2 A |
iIN 31 0! 0! o} 0! 0! ' 0! o} 0} 3 N|
i D &4 | 23.77! 14.26]1 T.13] 3.57! S5.00} 14.26}1 10.70} 8.32} 7.13{ & D |
IT 51 1.2 .8 .a3} .22t .30 .85} .68} .s0f{ .83] S T |
1Y 61 .951] .571 .29} .15} .21} .581 Luni .34} 291 6 Y |
P 71 3.08{ 1.84} .91} .46 .64} 1.82f 1.36] 1.06!} 911 7T P
i B 8| 33.80] 20.28{ 10.14} 5.07| T7.10| 20.28} 15.21} 11.83} 10.14} 8 E |
| 9 | 35.67| 21.40} 10.70] 5.35! 7.50! 21.40{ 16.05} 12.48| 10.70} 9 ]
| 10 | 21.17] 12.70} 6.35! 3.18] Aa.a5{ 12.70! 9.52] 7.81} 6.35] 10 !
| 11 | 23.51} 148.10f 7.05} 3.53! 4.94} 14.11}) 10.58] 8.23] 7.06! 11 |
| 12 | 47.53] 28.52} 14.261 T7.13{ 9.98] 28.52} 21.39}! 16.64] 14.26}) 12 |
! 131 2.18] 1.31} .65} .331 .86] 1.30} .98} .T64% .65] 13 |
| 14| 1.90f 1.18} .58 .29} .m1} 1.15} .86} .67/ .58! 1% |
| 15 | 26.15] 15.69! 7.85! 3.93f{ 5.50} 15.70} 11.78} 9.16} 7.85! 15 |
| 16 | 2.391 1.43} .12} .36} 50! 1.83] 1.08] .84} .72} 16 |
| 171 3.131 1.88] .98} .a7} .66} 1.88] 1.1 1.10] .94} 17 |
| 18 1 .74 .aa} .22 .11} .15) .aa} .33 .26) .22] 18 |
| 19 1 .78] .aa} 221 .11} .15) .am} (331 .26} .22} 19 !
| 20 | 97.871 58.72] 29.36] 18.68] 20.55| 58.72} 44.04} 34.25) 29.36] 20 |
} 21 1272.85{163.71] 81.86] %40.93! 57.30!163.71}122.78! 95.50} 81.86) 21 |
! 22 | 31.85] 19.11] 9.561 &4.78] 6.69] 19.11} 14.34] 11.15} 9.56] 22 |
| 23 | 82.89{ 25.39} 12.75! 6.37! 8.92} 25.49| 19.12} 14.87! 12.75| 23 |

(Enter on lines 28-46.

Omit decimals.

Two places are assumed.)



LOGGING SEDIMENT COEBFFICIENTS

TONS/ACRE/YEAR DELIVERED TO STREAM CHANNELS
(Dash indicates data does not exist)

! AGE | 1 | 2 | 3 | A-10 | AGE |
| | | { | l {
| ACRES | 1-5]6-20{ >20| 1-5l6-2o= >20] 1-5!6-20: >20{ 1-5:6-20{ >2o: ACRES :
| | | | | | | |

| I 11 7113119125131 137143 ]84 |55161] 6T |
jcaums! 6 | 12| 18 | 24 | 30 | 36 | 22 | a8 | 54 | 60 | 66 | T2 |CcCaQUMIS|
| | | | | | | | | ! | ! | } !
L 11 .07% .03} -1} .05} .02 -1 .02} 1} -] .02} 11 -1 1 L |
ia 21 0} 1} -1 0o} 0o} -1 of 0of -} 0 0! -1 2 a4}
I 31 =} =« =} = =} =a} =1 =} =] =1 =} =} 3 B |
| D & |2,08/1.01] .5711.83] .66] .’82] .72] .29! .20! .38! .15! .11] & D |
T s 1 .16} .07} .03]1 .10l .08} .02} .05} .02] .01} .02! .01] .01} 5 T |
lYy 61 .10} .05} .02} .06} .03! .02| .04} .01} .01} .02] .01l O} 6 Y |
P 71 =} =} =} «a} =] «} =] =} =} =} =} =1 7 P|
l 9 13.1311.52] .8612.15] .991 .6311.08] .a3] .30] .56] .22} .16] 9 |
! 10 [1.87] .91} .s52]1.28] .59] .38} .64} .26] .18]1 .38} .13] .10] 10 |
! 11 12.0811.01] .5711.%2} .66] .%2) .T2] .28} .20] .38} .15] .11] 11 |
| 12 ] o .18 .05/ 0] .09] .02 o} o} 0} o0} 0} o0} 12 !
! 13 ] .24} .11} .11} 18] .07} .03] .07l .03] .02| .o&} .02] .01] 13 |
| 13 | .20! .10l .05} .12} .06! .03! .06} .02] .01] .04} .01 .01} 1A |
| 16 | 28] .11} .06| .16] .07 .05| .08! .031 .02} .04} .02! .01} 16 '
! 17} o}l.oty ol of .01}l o}l o} of{ o! o} o1l O1 17 |
| 8] - =} =] « =] = = =} o} =1 =1 =118 |
| 9} «| =] = =} «|] =} =] =} =] =} -] =119 |
| 20| o | .37l .09 o{ .18l .05 o] o} Oo! o}l ol o0} 20 |
| 21| =} =] =] «} =] <] =} -} -} -} -] -] 21 |
| 22| o] .21} .08f o .11l .08 0} O] 0} 0} Q1! 0} 22 |
| 23} o] .28} .10f o .14} .05/ o} o} o0} O} 01 O} 23 !

——a

(These coefficients were used before the skidtrail coefficients on the next
page were developed. Enter the set you prefer on lines 1-23.

Two places are assumed.

Use -1 for dash.)

B-9

Omit decimals.



(Dash indicates data does not exist)

SKIDTRAIL SEDIMENT COEFFICIENTS
TONS/ACRE/YEAR DELIVERED TO STREAM CHANNELS

7]
0 m m HeZEO AN
Q
- Q - 123“567890123“56789&123
-l m e NQNN
tllllOl llllll ﬂl 956'!‘!!.0” llllll
N = N I § 1O0OO0 | TO0OO0OO0COO IlOO | 1O tOO
A O b~ . e o o .
ol 1. 0 SO0 we -
- N - \O OO 1OO0OO0 1O0CO0O00DO0O0OO0OO0O0 ! 1O 1 OO
] (V. V- . ¢ o o o * e
4 s ———
[Ty - o DVONM — 3N
] tn O OO | OO0 I ~Nvwr o« 0OO0O~0O0O0O | 1O OO
— [TaR '] . . L] ¢ o . LI 1 ¢ o
lmlllllll - S oS - Illl”ll.l.ll.llllll -
O\ ar I 4 1=~ OO0 | | ™mOvYyOOO IOO I 1O lOO
A F T . e e o .
lmilllllllll ll|l9ll 3“89llllll.|0l”llllllll|.llll
[l OO 1OO0O0 |l ™m~OOOOO~0O0O | 1O 1 OO
(12] (] 2t =¥ . LI ) ¢ o
V.3 .
un - g NaoOoN —e=inN
] ~ 0 oo OO I MMNNOOONOO | 1O 1OO
[ o] o =r . . [} e o + o * & o 0
o o TTowo v w_ . _-T™
N - 0O It TNOO | FmerNOOO 1O0 I 1O 100
A [22X12] . s e o e .
w - @ 6”68 -—oN
50 QO Il ~OO0O I N -~ O0OO0O0ONOO | 1O 10O
N ] (\a] . . e o o @ e o o o
-
[Ta} N wn - - E-K. 4 Nw™Oxr
] O ¥ OO0 I OO 1OVOVUFFTOOOINOO | 1O 1 OO
- - N [ [ . e o o o * e o o
) ) OWO wv o -
N m I 1 TNOO | 1 MrNOOO 1IOO0 I 1O 1OO
A - - . o o o () .
S - © oRe® -—ooN T
~N OO0 I ~O0O I N - OO0OO0ONOO I 1O 1IOO
- ] L o 3 ] * o o o ¢ o o o
-]
..a-l N W - o O O NeOasr
- - O 00-.‘.00..6&““000500..0.00
L] L ] L] ] L]

(Enter on lines 1-23.

Two places are assumed. Use -1 for dash.)

Omit decimals.
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